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PREFACE 

TO   THE   SECOND   EDITION. 
(VOL.  I.) 


If  the  Inorganic  department  of  chemistry  has  not  recently  been  ex- 
panded in  the  same  vast  proportion  as  the  Organic  branch  of  tlie 
science,  still  the  former  has  been  far  from  stationary  of  late  years. 
The  advance  observed  is  partly  in  the  old  direction  of  enlarging  the 
list  of  elements,  partly  and  more  conspicuously  in  supplying  deficient 
members  to  familiar  series  of  compounds,  and  in  thus  enlarging  these 
series, — as  in  the  compounds  of  chlorine  with  oxygen,  and  of  sulphur 
with  oxygen.  But  the  most  important  feature  in  the  recent  progress 
of  Inorganic  Chemistry  has  been  the  rigorous  verification  which 
numerical  data  of  all  kinds  have  received,  whether  relating  to  physi- 
cal laws,  such  as  the  specific  heat  of  substances,  or  to  chemical  pro- 
perties and  composition.  The  statement  of  properties  and  relations 
has  thus  acquired  a  fulness  and  precision  for  many  substances,  which 
contrasts  strongly  with  the  history  that  could  be  offered  of  the  same 
substances  even  but  a  very  few  years  ago.  This  correction  and  re- 
vision of  every  minute  branch  of  the  science  was  never,  indeed,  more 
general  and  rapid  than  at  the  present  time.  The  enlarged  means  of 
practical  instruction  in  chemistry,  now  everywhere  provided  for  the 
student,  and  the  consequent  increase  in  the  number  of  able  investi- 
gators, have  no  doubt  contributed  much  to  this  result. 

Progress  of  this  description  cannot  fail  to  effect  the  theoretical 
views  of  chemists,  and  to  promote  sound  conclusions  by  affording  an 
extended  and  safe  foundation  for  reasoning,  in  a  body  of  well  esta- 
blished facts.     It  must  be  admitted  that  the  fundamental  views  re- 
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specting  the  constitution  of  salts  are  at  present  in  a  state  of  transi- 
tion, but  the  great  questions  of  chemical  theory,  if  not  yet  solved, 
have  at  least  been  correctly  enunciated,  and  a  general  assent  obtained 
to  the  facts  upon  wliicli  they  rest. 

In  preparing  a  new  edition  of  his  Elements  of  Chemistry,  the 
Author  has  incorporated  much  new  -and  accurate  information  with  the 
old,  while  he  has  endeavoured  to  give  to  both  the  space  and  the  measure 
of  importance  winch  their  true  value  demanded.  In  such  a  work, 
judicious  selection  of  matter  is  as  necessary  as  careful  condensation, 
while  the  grounds  of  the  selection  are  changed  with  the  shifting 
point  of  view  from  which,  in  a  progressive  science,  the  retrospect  is 
taken. 

The  important  bearings  of  the  laws  of  Heat,  particularly  in 
reference;. to  the  physical  condition  of  matter,  have  led  to  their  con- 
sideration before  the  chemical  properties  of  substances,  in  this  as  in 
most  other  elementary  treatises  on  chemistry.  Light  is  then  shortly 
considered,  chiefly  in  reference  to  its  chemical  relations.  The  prin- 
ciples of  its  Nomenclature,  in  which,  compared  with  many  sciences, 
chemistry  has  been  highly  fortunate,  are  then  explained,  together 
with  the  symbolical  notation  and  chemical  formulse  in  use,  by  means 
of  which  the  composition  of  highly  compound  bodies  is  expressed 
with  the  same  palpable  distinctness  which,  in  arithmetic,  attends  the 
use  of  figures,  in  the  place  of  words,  for  the  expression  of  numerical 
sums. 

A  considerable  section  of  the  present  volume  is  then  devoted  to 
the  consideration  of  the  fundamental  doctrines  of  chemistry,  under 
the  heads  of  combining  proportions,  atomic  theory,  doctrine  of 
volumes,  isomorphism,  isomerism,  constitution  of  salts,  chemical 
affinity  and  polarity,  including  the  propagation  of  affinity  through 
metallic  and  saline  media,  in  the  voltaic  circle,  with  the  new  subject 
of  the  atomic  volume  of  solids. 

The  materials  of  the  inorganic  world  are  then  described  under  two 
great  divisions  of  non-metallic  elements  and  their  compounds,  and 
metallic  elements  and  their  compounds. 

University  College,  London, 

September  1850.  .  "- 
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CHAPTER  I. 


HEAT, 


The  objects  of  the  material  world  are  altered  in  their  properties  by 
heat  in  a  very  remarkable  manner.  The  conversion  of  ice  into  water, 
and  of  water  into  vapour,  by  the  application  of  heat,  affords  a  familiar 
illustration  of  the  effect  of  tliis  agent  in  changing  the  condition  of 
bodies.  All  other  material  substances  are  equally  under  its  influence ; 
and  it  gives  rise  to  numerous  and  varied  phenomena,  demanding  the 
attention  of  the  chemical  inquirer. 

Heat  is  very  readily  communicated  from  one  body  to  another; 
so  that  when  hot  and  cold  bodies  are  placed  near  each  other,  they 
speedily  attain  the  same  temperature.  The  obvious  transference  of 
heat  in  such  circumstances  impresses  the  idea  that  it  possesses  a  sub- 
stantial existence,  and  is  not  merely  a  quahty  of  bodies,  like  colour 
or  weight ;  and  when  thus  considered  as  a  material  substance,  it  has 
received  the  name  caloric.  It  would  be  injudicious,  however,  to  enter 
at  present  into  any  speculation  on  the  nature  of  heat ;  it  is  sufficient  to 
remark  that  it  differs  from  matter,  as  usually  conceived,  in  several 
respects.  Our  knowledge  of  heat  is  limited  to  the  different  effects 
which  it  produces  upon  bodies,  and  the  mode  of  its  transmission; 
and  these  subjects  may  be  considered  without  reference  to  any 
theory  of  the  nature  of  this  agent. 

The  subject  of  Heat  will  be  treated  of  under  the  following  heads  : 

1 .  Expansion,  the  most  general  effect  of  heat,  and  the  Thermometer. 

2.  Specific  heat. 
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3.  The  communication  of  heat  by  Conduction  and  Eadiation. 

4.  Liquefaction,  as  an  effect  of  heat. 

5.  Vaporization,  or  the  gaseous  state,  as  an  effect  of  heat. 

6.  Speculative  notions  respecting  the  nature  of  heat. 

EXPANSION  AND  THE  THERMOMETER. 


All  bodies  in  nature,  solids,  liquids,  or  gases,  suffer  a  temporary 
increase  of  dimension  when  heated,  and  contract  again  into  their 
original  volume  on  coohng. 

1.  Expansion  of  solids. — The  expansion  of  soHd  bodies,  such  as 
the  metals,  is  by  no  means  considerable,  but  may  readily  be  made 
sensible.  A  bar  of  iron  wliicli  fits  easily  when  cold  into  a  gauge,  will 
be  found,  on  heating  it  to  redness,  to  have  increased  sensibly  both 
in  length  and  thickness.  The  expansion  and  contraction  of  metals, 
indeed,  and  the  immense  force  with  wliich  these  changes  take  place, 
are  matters  of  famihar  observation,  and  are  often  made  available 
in  the  arts.  The  iron  hoops  of  carriage  wheels,  for  instance,  are 
appHed  to  the  frame  while  they  are  red  hot,  and  in  a  state  of 
expansion,  and  being  then  suddenly  cooled  by  dashing  water  upon 
them,  they  contract  and  bind  the  wood-work  of  the  wheel  with  great 
force.  The  expansion  of  soHds,  however,  is  very  small,  and  requires 
nice  measurement  to  ascertain  its  amount.  The  expansion  in  length 
only  has  generally  been  determined,  but  it  must  always  be  remem- 
bered that  the  body  expands  also  in  its  other  dimensions  in  an 
equal  proportion.  The  first  general  fact  observable  is,  that  the 
amount  of  dilatation  by  heat  is  different  in  different  bodies.  No 
two  solids  expand  alike.  The  metals  expand  most,  and  their  rates 
of  expansion  are  best  kno^vn.  Eods  of  the  undermentioned  sub- 
stances, on  being  heated  from  the  freezing  to  the  boiling  point  of 
wa^er,  elongate  as  follows  : — 


Zinc  (cast) 

.     1  on  323 

Pure  Gold 

I  on     682 

Zinc  (sheet) 

.     1    "    340 

Iron  Wire         .         .     ] 

L    "      812 

Lead 

.     1    "    351 

Palladium          .         .     1 

"    1000 

Tin 

.     1    "    516 

Glass  without  lead    . 

L   ."    1142 

Silver 

.     1    "    524  4. 

Platinum 

"    1167 

Copper 

.    .1    "    581 

Flint  glass 

I    "    1248 

Brass 

.     1    "    584' 

Black  marble(Lucullite) 

I    "    2833 

This  is  the  increase  which  these  bodies  sustain  in  length.     Their 
increase  in  general  bulk   is   about  three  times  greater.     Thus,   if 
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glass  elongates  1  part  in  1248  from  the  freezing  to  the  boiling  point 
of  water,  it  will  dilate  in  cubic  capacity  3  parts  in  1248,  or  1  part  in 
416.  The  expanded  bodies  return  to  their  original  dimensions  on 
cooling.  Wood  does  not  expand  much  in  length;  hence  it  is 
occasionally  used  as  a  pendulum  rod.  Tor  the  same  reason  a  shp 
of  marble,  of  the  variety  mentioned  in  the  preceding  table,  was 
employed  for  that  purpose,  in  constructing  the  clock  of  the  Royal 
Society  of  Edinburgh.  Glass  without  lead  expands  by  the  table 
■YTTT  V^^^}  while  the  metal  platinum  expands  very  Httle  less, 
(ttVt)-  Hence  the  possibility  of  cementing  glass  and  platinum 
together,  as  is  done  in  many  chemical  instruments.  Other  metals 
pushed  through  the  glass  when  it  is  red  hot  and  soft,  shrink  after- 
wards so  much  more  than  glass  on  cooling,  as  to  separate  from  it, 
and  become  loose.  Zinc  is  the  most  expansible  of  the  metals ;  it 
expands  nearly  four  times  more  than  platinum  from  the  same  heat. 
But  ice,  of  which  the  contraction  by  cold  has  been  observed  for  30  or 
40  degrees  under  the  freezing  point,  proves  to  be  more  dilatable  even 
than  the  metals,  the  rate  of  this  sohd  being  in  the  proportion  of 
uirth  part,  while  that  of  zinc  is  s^^d  part  only.^ 

The  most  important  discovery,  in  a  theoretical  point  of  view,  that 
has  been  made  on  the  subject  of  the  dilatation  of  solids  by  heat,  is  the 
observation  of  Professor  MitscherUch,  of  Berlin,  that  the  angles  of 
some  crystals  are  affected  by  changes  of  temperature.  This  proves  that 
some  solids  in  the  crystalline  form  do  not  expand  uniformly,  but  more 
in  one  direction  than  in  another.  Indeed,  Mitscherhch  has  sho^vn 
that  while  a  crystal  is  expanding  in  length  by  heat,  it  may  actually  be 
contracting  at  the  same  time  in  another  dimension.  An  angle  of 
rhomboidal  calcareous  spar  alters  eight  and  a  half  minutes  of  a  degree 
between  the  freezing  and  boiling  points  of  water.  But  this  unequal 
expansion  does  not  occur  in  crystals  of  which  all  the  sides  and  angles 
are  alike,  as  the  cube,  the  regular  octohedron,  the  rhomboidal 
dodecahedron.  In  investigating  the  laws  of  expansion  among  solids, 
it  is  advisable,  therefore,  to  make  choice  of  crystallized  bodies.  Eor, 
in  a  substance  not  regularly  crystallized,  the  expansion  of  different 
specimens  may  not  be  precisely  the  same,  as  the  internal  structure 
may  be  different.  Hence  the  expansions  of  the  same  substance,  as 
given  by  different  experimenters,  do  not  always  exactly  correspond. 
The  same  glass  has  been  observed  to  dilate  more  when  in  the  form  of 
a  solid  rod,  than  in  that  of  a  tube ;  and  the  numerous  experiments 

*  Brunner  (fills),  Annales  de  Chimie  et  de  Physique,  3  serie,  tome  14,  p.  377, 
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on  uncrystallized  bodies,  wliich  we  possess,  have  afforded  no  ground 
for  general  deductions. 

It  has  been  further  observed,  that  the  same  sohd  is  more  expansible 
at  high  than  at  low  temperatures,  although  the  increase  in  the  rate  of 
expansion  is  in  general  not  considerable.  Thus,  if  we  mark  the 
progress  of  the  dilatation  of  a  bar  of  iron  under  a  graduated  heat,  we 
find  that  the  increase  in  dimension  is  greater  for  one  degree  of  heat 
near  the  boihng  point  of  water,  than  for  one  degree  near  its  freezing 
point.  Solids  are  observed  to  expand  at  an  accelerated  rate,  in 
particular,  when  heated  up  to  near  their  fusing  points.  The  cohe- 
sion or  attraction  wliicli  subsists  between  the  particles  of  a  solid  is 
supposed  to  resist  the  expansive  power  of  heat.^  But  many  sohds 
become  less  tenacious,  or  soften  before  melting,  which  may  account 
for  their  increasing  expansibility.  Platinum  is  the  most  uniform  in 
its  expansions  of  the  metals. 

Such  changes  in  bulk,  from  variations  in  temperature,  take  place 
with  irresistible  force.  Tliis  is  well  iQustrated  in  an  experiment, 
which  was  first  made  upon  a  gallery  in  the  Museum  of  Arts  and 
Manufactures  in  Paris,  in  order  to  preserve  it,  and  has  been  success- 
fully repeated  in  many  other  buildings.  The  opposite  walls  of  the 
edifice  referred  to  were  bulging  outwards,  from  the  pressure  of  the 
floors  and  roof,  which  endangered  its  stability.  By  the  directions  of 
an  ingenious  mechanic,  stout  iron  rods  were  laid  across  the  building, 
■with  their  extremities  projecting  through  the  opposite  walls  so  as  to 
bind  them  together.  Half  the  number  of  the  rods  were  then  strongly 
heated  by  means  of  lamps,  and,  when  in  an  expanded  condition,  a 
disc  on  either  extremity  of  each  rod  was  screwed  firmly  up  against 
the  external  surface  of  the  wall.  On  afterwards  allowing  the  rods  to 
cool,  they  contracted,  and  drew  the  walls  to  which  they  were  attached 
somewhat  nearer  together.  The  process  was  several  times  repeated, 
till  the  walls  were  restored  to  a  perpendicular  position. 

The  force  of  expansion  always  requires  to  be  attended  to  in  the 
arts,  when  iron  is  combined  in  any  structure  with  less  expansible 
materials.  The  cope-stones  of  walls  are  sometimes  held  together 
with  clamps,  or  bars  of  iron :  such  bars,  if  of  cast  iron,  which  is 
brittle,  often  break  on  the  first  frost,  from  a  tendency  to  contract 
more  than  the  stone  mH  permit ;  if  of  malleable  iron,  they  generally 
crush  the  sto^e,  and  loosen  themselves  in  their  sockets.  When  cast 
iron  pipes  are  employed  to  conduct  hot  air  or  steam  through  a 
factory,  they  are  never  allowed  to  abut  against  a  wall  or  an  obstacle 
winch  they  might  in  expanding  overturn.     Lead,  from  its  ex44-eme 
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softness,  is  permanently  expanded  when  repeatedly  heated ;  a  waste 
steam  pipe  of  that  metal  being  elongated  several  inches  in  a  few  weeks. 

A  compound  bar,  made  by  riveting  or  soldering  together  two 
thin  plates  of  copper  and  platinum,  affords  a  good  illustration  of 
unequal  expansion  by  heat.  The  copper  plate,  being  much  more 
expansible  than  platinum,  the  bar  is  bent  upon  the  application  of 
heat  to  it ;  and  in  such  a  manner,  that  the  copper  is  on  the  outside 
of  the  curve.  It  may  easily  be  conceived,  that  by  a  proper  attention 
to  the  expansions  of  the  metals  of  which  it  is  composed,  a  bar  of 
this  kind  might  be  so  constructed,  that  although  it  was  heated  and 
expanded,  its  extreme  points  should  always  remain  at  the  same 
distance  from  each  other,  the  lengthening  being  compensated  for  by 
the  bending.  The  balance-wheels  of  chronometers  are  preserved 
invariable  in  their  diameters,  at  all  temperatures,  by  a  contrivance 
of  this  kind.  It  has  also  been  appHed  to  the  construction  of  a 
thermometer  of  soHd  materials — that  of  Breguet. 

When  hot  water  is  suddenly  poured  upon  a  tliick  plate  of  glass, 
the  upper  surface  is  heated  and  expanded  before  the  heat  penetrates 
to  the  lower  surface  of  the  plate.  There  is  here  unequal  expansion, 
as  in  the  slip  of  copper  and  platinum.  The  glass  tends  to  bend, 
with  the  hot  and  expanded  surface  on  the  outside  of  the  curve,  but 
is  broken  from  its  want  of  flexibility.  The  occurrence  of  such  frac- 
tures is  best  avoided  by  applying  heat  to  glass  vessels  in  a  gradual 
manner,  so  as  to  occasion  no  great  inequahty  of  expansion ;  or  by 
using  very  thin  vessels,  through  the  substance  of  which  heat  is  rapidly 
transmitted. 

Tliis  effect  of  heat  on  glass  may  by  a  Httle  address  be  turned  to 
advantage.  Watch-glasses  are  cut  out  of  a  thin  globe  of  glass,  by 
conducting  a  crack  in  a  proper  direction,  by  means  of  an  iron  rod,  or 
piece  of  tobacco  pipe,  heated  to  redness.  Glass  vessels  damaged  in 
the  laboratory  may  often  be  divided  in  the  same  manner,  and  still 
made  available  for  useful  purposes. 

Both  cast  iron  and  glass  are  peculiarly  Hable  to  accidents  from 
unequal  expansion,  when  in  the  state  of  flat  plates.  Plate  glass, 
indeed,  can  never  be  heated  without  risk  of  its  breaking.  The  flat 
iron  plates  placed  across  chimneys  as  dampers,  are  also  very  apt  to  split 
when  they  become  hot,  and  much  inconvenience  has  often  been 
experienced  in  manufactories  from  this  cause.  A  slight  curvature  in 
their  form  has  been  found  to  protect  them  most  effectually. 

Expansion  of  liquids. — In  liquids  the  expansive  force  of  heat 
is  little  resisted  by  cohesive  attraction,  and  is  much  more  considerable 
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than  in  solids.  This  fact  is  strikingly  exhibited  by  filling  the  bulb 
and  part  of  the  stem  of  a  common  thermometer  tube  with  a  liquid,  and 
applying  heat  to  it.  The  liquid  is  seen  immediately  to  mount  in 
the  tube. 

The  first  law,  in  the  case  of  Kquids,  is  that  some  expand  much 
more  considerably  by  heat  than  others.  Thus,  on  being  heated  to 
the  same  extent,  namely,  from  the  freezing  to  the  boiling  point  of 
water — 

Spirit  of  wine  expand  .  .     ^,  that  is,     9  measures  become  10 

Fixed  oils      .         .  .  _j^,       "       12              "                13 

Water            .         .  .  ^^y.^,    "       22-76         "                23-76 

Mercury        .         ,  .  ^.^,    '*       55-5           "                56-5 

Spirit  of  wine  is,  therefore,  six  times  more  expansible  by  heat 
than  mercury  is.  The  difi^erence  in  the  heat  of  the  seasons  aifects 
sensibly  the  bulk  of  spirits.  In  the  height  of  summer  spirits  will 
measure  5  per  cent,  more  than  in  the  depth  of  winter. 

The  new  liquids  produced  by  the  condensation  of  gases  appear  to 
be  characterized  by  an  extraordinary  dilatability.  M.  Tliilorier  has 
observed,  that  fluid  carbonic  acid  is  more  expansible  by  heat  than  air 
itself;  heated  from  32°  to  86°,  twenty  volumes  of  this  liquid  increase 
to  twenty-nine,  which  is  a  dilatation  four  times  greater  than  is  pro- 
duced in  air,  by  the  same  change  of  temperature."^  Mr.  Kemp 
extended  this  observation  to  liquid  sulphurous  acid  and  cyanogen, 
which,  although  not  possessing  the  excessive  dilatability  of  liquid 
carbonic  acid,  are  still  greatly  more  expansible  than  ordinary  hquids. 
Sir  D.  Brewster  had  several  years  before  discovered  certain  fluids 
in  the  minute  cavities  of  topaz  and  quartz,  which  seemed  to  bear 
no  analogy  to  any  other  then  known  Hquid  in  their  extraordinary 
dilatabihty.  They  do  not  appear  to  have  been  entirely  liquefied 
gases,  but  probably  were  so  in  part.f 

A  singular  correspondence  has  been  observed,  by  M.  Gay-Lussac,t 
between  two  particular  liquids— alcohol  and  bisulphuret  of  carbon, 
in  the  amount  of  their  expansion  by  heat :  although  each  of  these 
hquids  has  a  peculiaj  temperature  at  which  it  boils — 

Alcohol  at      .....         1 73° 
Sulphu ret  of  carbon  at  .         .         116° 

still  the  ratios  of  expansions  from  the  addition,  and  of  contraction 


*  Annales  de  Chimie  et  de  Physique,  3  serie,  t.  60,  p.  427. 

t  Edinburgh  Phil.  Trans,  vol.  x.  p.  11,  1824.     Also  vol.  xvi.  p.  11,  1845. 

+  Ann.  de  Chimie,  2  serie,  t.  2. 
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from  the  loss  of  heat,  are  found  to  be  uniformly  the  same  in  these  two 
liquids,  compared  at  the  same  distance  from  their  respective  boihng 
points.  A  similar  relation  has  lately  been  observed  by  M.  Isidore 
Pierre,  between  the  bromide  of  ethyl  and  bromide  of  methyl,  and 
between  the  iodide  of  ethyl  and  iodide  of  methyl,  which  does  not 
appear  to  exist  between  a  pair  of  isomeric  bodies,  which  were  also 
compared, — namely,  the  formiate  of  oxide  of  ethyl  and  the  acetate  of 
oxide  of  methyl.  The  observations  made  with  this  view  on  four 
different  groups  of  Hquids,  including  those  mentioned,  are  thus 
exhibited,  the  degrees  of  temperature  being  of  Fahrenheit's 
scale^  : — 


CONTRACTION    OF    LIQUIDS    FROM    THE 

BOILING   POINT  (pIERRk). 

NAMES  OF  THE 
LIQUIDS. 

BOILING 
FOINT. 

TEMPERATURES 

equidistant  from 
the  boiling  point 
for  each  group. 

INTERVAL 

between  the 
two  preced- 
ing   tempe- 
ratures. 

VOLUME 

at  boiling 
point. 

VOLUMES 

at  the  equi- 
distant tem- 
peratures. 

I.    GROUP. 

Sulphuret  of  carbon 

Alcohol 

Wood- spirit    .    .    . 

II.  GROUP. 

Bromide  of  ethyl    . 
Bromide  of  methyl 

III.  GROUP. 

Iodide  of  ethyl    .    . 
Iodide  of  methyl    . 

IV.  GROUP. 

Formiate  of  oxide  ? 

of  ethyl    .    .  \ 
Acetate  of  oxide 

of  methyl      .  " 

118-22° 
172-94° 
151-34° 

105-26° 
55-4° 

158° 
110-84° 

127-22° 
139-10° 

—  22-72° 
32° 

-10-4° 

32° 

—  17-86° 

32°, 

—  1516° 

—  20-12° 

—  15-8° 
32« 

140-94° 
140-94° 
140-94° 

73-26° 
73-26° 

126° 
126° 

107-1° 
107-1° 

1 

1 

1 
1 

1 
1 

1 

1 

0-913099 
0-914452 
0-905819 

0-944375 
0-944575 

0-918704 
0-916643 

0-910223 
0-918750 

I  have  only  to  add  the  following  results  obtained  by  M.  Muncke, 
of  St.  Petersburght  :— 

EXPANSION  OF  LIQUIDS,  VOLUME  AT  32'*  FAHR.  BEING  1. 

Solution  of  ammonia  (sp.  gr.  0-9465)    ...  1-0198310  at  113°  (45°  Centig.) 
Hydrochloric  acid  (sp.  gr.  1-1978)        ...1-0253598'*     " 

Nitric  acid  (sp.  gr.  1-4405)  1-0479512"     " 

"       "  1-1148853  at  212°  (100°  Centig.) 


*  M.  Pierre  has  also  examined  the  dilatations  of  water,  oxide  of  ethyl  (ether),  and 
chloride  of  ethyl.  The  results  he  has  already  published  are  the  most  exact  and  valuable 
we  possess  on  the  subject  of  the  dilatation  of  liquids  ;  and  he  is  proceeding  with  his 
experiments;     Ann.  de  Chimie,  &c.,  3  serie,  t.  15,  p.  325.     1845. 

f  See  the  Handworterbuch  der  Chemie  of  Liebig,  Poggendorff,  and  Wohlec,  vol.  i. 
p.  632  ',  article  Ausdehnung  (Dilatation). 
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Sulphuric  acid  (sp.  gr.  1.836) 

Rectified  petroleum  (sp.  gr.  0-7813) 
Almond  oil  


1-0578495  at  212<?  (100°  Centig.) 
1-1388577  at  446°  (230°  Centig.) 
1-1060059  at  203°  (95°  Centig.) 
1-0787005  at  212°  (100°  Centig.) 


The  second  law  is^  that  liquids  are  progressively  more  expansible 
at  higher  than  at  lower  temperatures.  This  is  less  the  case  with 
mercury,  perhaps,  than  with  any  other  liquid.  The  expansions  of 
that  Hquid  are,  indeed,  so  uniform,  as  to  render  it  extremely  proper 
for  the  construction  of  the  thermometer,  as  will  afterwards  appear. 
The  rate  of  expansion  of  mercury  was  determined  with  extraordi- 
nary care  by  Dulong  and  Petit. 

From    0°  to  100°  Centigrade,  mercury  expands  1  measure  on  55^ 
"    100°"  200°         "  "  ♦'         1         **  54| 

♦'    200°"  300°        "  "  "         1         "  53 

According  to  the  same  experimenters,  the  expansion  of  mercury, 
confined  in  glass  tubes,  is  only  1  on  64*8.  The  dilatation  of  the 
glass  causes  the  capacity  of  the  instrument  to  be  enlarged,  so  that  the 
whole  expansion  of  the  mercury  is  not  indicated.  The  only  mode 
in  which  the  error  Fig.  i. 

introduced  by  the 
expansion  of  the 
enclosing  vessel 
can  be  avoided,  in 
ascertainingthe  ex- 
pansion of  liquids, 
is  that  practised  by 
Dulong  and  Petit : 
namely,  heating  the  liquid  in  one  limb  of  a  syphon  (see  fig.  1),  and 
observing  how  high  it  rises  above  the  level  of  the  same  Hquid  in  the 
other  limb,  kept  at  a  constant  temperature.  The  columns  of  course 
balance  each  other,  and  the  shorter  column  of  dense  fluid  supports 
a  longer  column  of  dilated  fluid.  All  other  modes  of  obtaining  the 
absolute  expansions  of  Hquids  are  fallacious. 

No  progress  has  yet  been  made  in  discovering  the  law  by 
wliich  expansions  of  liquids  are  regulated  ;  for  the  compHcated 
mathematical  formulse  of  Biot,  Dr.  Young,  and  others,  are  mere 
general  expressions  for  these  expansions,  wiiich  proceed  upon  no 
ascertained  physical  principle.  Some  theory  must  be  formed  of 
the  constitution  of  Hquids,  before  we  can  hope  to  a<Jcount  for  their 
expansions. 
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Count  Rumford  ascertained  the  contraction  of  water  for  every  22  J 
degrees,  in  cooling  from  212°  to  32°.     The  results  are  as  follows  : — 


2000  measures 

of  water  contract — 

In  cooling  22|  degrees. 

or  from 

219° 

to 

189^0     . 

.     18     measure's 

189^ 

167 

.     16-2 

167 
144^ 
122 
99^ 

77 
54i 

144A      . 
122 

99^      . 

77 

54^       . 

32 

.     13-8         " 
.     11-5 
.        9-3 
.       7-1 
.       3-9 

0-2         " 

Fig.  2. 


The  expansion  of  water  by  heat  is  subject  to  a  remarkable  pecu- 
liarity, which  occasions  it  to  be  extremely  irregular,  and  demands 
special  notice.  This  liquid,  in  a  certain  range  of  temperature,  becomes 
an  exception  to  the  very  general  law  that  bodies  expand  by  heat. 
Wlien  heat  is  apphed  to  ice-cold  water,  or  water  at  the  temperature 
of  32°,  this  liquid,  instead  of  expanding,  contracts  by  every  addition 
of  heat,  till  its  temperature  rises  to  40°,  at 
or  very  near  wliich  temperature  water  is  as 
dense  as  it  can  be.  And,  conversely,  when 
water  of  the  temperature  of  40°  is  exposed 
to  cold,  it  actually  expands  with  the  progress 
of  the  refrigeration.  Water  may,  with  caution, 
be  cooled  20  or  25  degrees  below  its  freezing 
point,  in  the  fluid  form,  and  still  continue 
to  expand.  It  is  curious  that  this  Kquid,  in 
a  glass  bulb,  expands  as  nearly  as  possible 
to  the  same  amount  on  each  side  of  40°> 
when  either  heated  or  cooled  the  same  num- 
ber of  degrees.  Hence,  when  cooled  to  36° 
it  rises  to  the  same  point  in  the  stem  as 
when  heated  to  44°;  at  32°  it  stands  at  the 
same  point  as  at  48°;  at  20°,  at  the  same 
point  as  at  60°,  temperatures  (fig.  2).  The 
expansion  of  water  by  cold,  under  40°,  is 
certainly  not  very  great,  being  little  more 
than  1  part  in  10,000  at  32°;  hence  it 
was  early  suspected  that  it  might  be  an 
illusion,  from  the  contraction  of  the  glass  bulb  (in  wliich  the  expe- 
riment was  always  made)  forcing  up  the  water  in  the  stem.     But 
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Fig.  3. 
In  cooling 
above  40°. 

Fig.  4. 

Fig.  5. 
In  cooling 
below  40°. 

all  grounds  of  objection  on  this  score  have  been  removed  by  the 
mode  in  which  the  experiment  has  subsequently  been  conducted, 
particularly  in  the  researches  of  the  late  Dr.  Hope,  of  Edinburgh,  on 
tliis  subject. 

Dr.  Hope  carried  a  deep  glass  jar,  filled  with  water  of  the  tempe- 
rature of  50°,  into  a  very  cold  room ;  and  having  immersed  two  small 
thermometers  in  the  water,  one  near  the  surface,  and  the  other  at 
the  bottom  of  the  jar,  watched  their  indications  as  the  cooling 
proceeded.  The  thermometer  above  indicated  a  temperature  higher 
by  several  degrees  than  the  thermometer  below,  till  the  tempera- 
ture fell  to  40°,  that  is,  the  chilled  water  fell  as  usual  to  the 
bottom  of  the  jar,  or  became  denser  as  it  lost  heat,  as  illustrated  in 
fig.  3.  At  40°  the  two  thermometers  were  for  some  time  steady, 
(fig.  4),  but  as  the  cooling  proceeded  beyond  that  point,  the 
instrument  in  the 
liigher  situation  indi- 
cated the  lower  tem- 
perature (fig.  5) ;  or 
the  water  now  as  it 
became  colder,  became 
lighter,  and  rose  to 
the  top.  A  better  de- 
monstration of  the 
fact  in  question  could  not  be  devised. 

Great  pains  have  been  taken  by  several  philosophers  to  determine 
the  exact  temperature  of  tliis  turning  point  at  which  water  possesses  its 
maximum  density.  By  the  elaborate  experiments  of  both  HaUstrom 
and  of  Muncke  and  Stampfer,  as  calculated  by  HaUstrom,  tliis  point  is 
39°- 3 8,  or  4*^*1  Centigrade.  Eudberg  has  more  recently  obtained 
4°-02  C,  and  Despretz  4°-00  C,  or  39°-2  Tain-.,  the  number  now 
generally  taken.  Sir  C.  Blagden  and  Mr.  Gilpin  had  made  it  39°. 
Dr.  Hope  had  estimated  it  at  39^°."^ 

"When  salt  is  dissolved  in  water,  the  temperature  of  maximum 
density  becomes  lower  and  lower,  in  proportion  to  the  quantity  of  salt 
in  solution,  and  sinking  below  the  freezing  point  of  the  liquid,  the 
anomaly  disappears.  This  is  the  reason  why  the  property  in  question 
cannot  be  observed  in  sea  water. 

There  is  a  soHd  body  which  presents  the  only  other  known  parallel 


For  tables  of  the  volume  of  water  at  different  temperatures,  see  Appendix  1. 
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case  of  progressive  contraction  by  heat ;  this  is  Eose's  fusible  metal, 
which  is  an  alloy  of — 

2  parts  by  weight  of  Bismuth 
1  part     "       '*       "  Lead 
1     "       «'       "       "  Tin. 

A  bar  of  tliis  metal  expands  progressively,  like  other  bodies,,  tiU  it 
attains  the  temperature  of  111°;  it  then  rapidly  contracts  by  the 
continued  addition  of  heat,  and  at  156°  attains  its  maximum  density, 
occupying  less  space  than  it  does  at  the  freezing  point  of  water.  It 
afterwards  progressively  expands,  melting  at  201°.  It  may  be  re- 
marked, however,  of  this  body,  that  it  is  a  chemical  compound,  of  a 
kind  in  which  a  change  of  constitution  is  very  likely  to  occur  from 
a  change  in  temperature;  and  that  it  cannot,  therefore,  be  fairly 
compared  with  water. 

The  dilatation  which  water  undergoes  below  39°  has  been  supposed 
to  be  connected  with  its  sudden  increase  in  volume  in  freezing,  for 
ice  is  lighter  than  water,  bulk  for  bulk,  in  the  proportion  of  92  to 
100.  The  water,  it  is  said,  may  begin  to  pass  partially  into  the  sohd 
form  at  39°,  although  the  change  is  not  complete  till  the  temperature 
sinks  to  32°.  But  such  an  assumption  is  altogether  gratuitous,  and 
improbable  in  the  extreme. 

The  extraordinary  irregularity  in  the  dilatation  of  water  by  heat  is 
not  only  curious  in  itself,  but  also  of  the  utmost  consequence  in  the 
economy  of  nature.  When  the  cold  sets  in,  the  surface  of  our 
rivers  and  lakes  is  cooled  by  the  contact  of  the  cold  air  and  other 
causes.  The  superficial  water  so  cooled,  sinks  and  gives  place 
to  warmer  water  from  below,  which,  chilled  in  its  turn,  sinks 
in  Hke  manner.  The  progress  of  cooling  in  the  lake  goes  on  with 
considerable  rapidity,  so  long  as  the  cold  water  descends  and  exposes 
that  not  hitherto  cooled.  But  this  circulation,  which  accelerates 
the  cooling  of  a  mass  of  water  in  so  extraordinary  a  degree,  ceases 
entirely  when  the  whole  water  has  been  cooled  down  to  the  tempera- 
ture of  40°,  which  is  still  8  degrees  above  the  freezing  point.  There- 
after the  chiUed  surface  water  expands  as  it  loses  its  heat,  and  remains 
at  the  top,  from  its  Hghtness,  while  the  cold  is  very  imperfectly 
propagated  downwards.  The  surface  in  the  end  freezes,  and  the  ice 
may  thicken,  but  at  the  depth  of  a  few  feet  the  temperature  is  not 
under  40°,  which  is  liigh  when  compared  with  that  frequently  ex- 
perienced, even  in  this  climate,  during  winter. 

If  water  continued  to  become  heavier,  until  it  arrived  at  the 
freezing  temperature,  the  whole  of  it  would  be  cooled  to  that  point 
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before  ice  began  to  be  formed ;  and  the  consequence  would  be,  that 
the  whole  body  of  water  would  rapidly  be  converted  into  ice,  to  the 
destruction  of  every  being  that  inhabits  it.  Our  warmest  summers 
would  make  but  little  impression  upon  such  masses  of  ice ;  and  the 
cheerful  climate,  which  we  at  present  enjoy,  would  be  less  comfortable 
than  the  frozen  regions  of  the  pole.  Upon  such  delicate  and  beautiful 
adjustments  do  the  order  and  harmony  of  the  universe  depend. 

Exj)a?isio7i  of  gases. — The  expansion  by  heat  in  the  different 
forms  of  matter  is  exceedingly  various. 

By  being  heated  from  32°  to  212°, 

1000  cubic  inches  of  iron  become  1004 
1000  "  water      "       1045 

1000  ••  air         "       1366. 

Gases  are,  therefore,  more  expansible  by  heat  than  matter  in  tlie 
other  two  conditions  of  liquid  and  soHd.  The  reason  is,  that  the 
particles  of  air  or  gas,  far  from  being  under  the  influence  of  cohesive 
attraction,  like  soHds  or  liquids,  are  actuated  by  a  powerful  repulsion 
for  each  other.  The  addition  of  heat  mightily  enhances  this  repul- 
sive tendency,  and  causes  great  dilatation. 

The  rate  of  the  expansion  of  air  and  gases  from  increase  of  tem- 
perature, was  long  involved  in  considerable  uncertainty.  This  arose 
from  the  neglect  of  the  early  experimenters  to  dry  the  air  or  gas 
upon  which  they  operated.  The  presence  of  a  little  water  by  rising 
in  the  state  of  steam  into  the  gas,  on  the  appHcation  of  heat,  occa- 
sioned great  and  irregular  expansions.  But  in  1801,  the  law  of  the 
dilatation  of  gases  was  discovered  by  M.  Gay-Lussac,  of  Paris,  and 
by  our  countryman.  Dr.  Dalton,  independently  of  each  other.  It  was 
discovered  by  these  philosophers  that  all  gases  experience  the  same 
increase  in  volume  by  the  appHcation  of  the  same  degree  of  heat,  and 
that  the  rate  of  expansion  continues  uniform  at  all  temperatures. 

Dr.  Dalton  confined  a  small  portion  of  dry  air  over  mercury  in  a 
graduated  tube.  He  marked  the  quantity  by  the  scale,  and  the 
temperature  by  the  thermometer.  He  then  placed  the  whole  in 
circumstances  where  it  was  uniformly  heated  up  to  a  certain  tempera- 
ture, and  observed  the  expansion.  Gay-Lussac^s  apparatus  was 
more  complicated,  but  calculated  to  give  very  precise  results.  He 
found  that  1000  volumes  of  air,  on  being  heated  from  32°  to  212°, 
become  1375,  which  agreed  very  closely  with  Dalton's  result.  The 
expansion  was  lately  corrected  by  Rudberg,  who  found  that  1000 
volumes  of  air  expand  to  1365. 
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The  still  more  recent  and  exact  researches  of  Magnus  and  of  Reg- 
nault  give  as  the  expansion  of  air  from  32°  to  212'',  -ff^,  or  44  of 
its  volume  at  32°.  The  dilatation  for  every  degree  Fahrenheit  is 
0-002036  (Regnault) ;  or  -^.^  part. 

It  follows,  consequently,  that  air  at  the  freezing  point  expands 
-4-^  part  of  its  bulk  for  every  added  degree  of  heat  on  Fahrenheit's 
scale  :  that  is — 

491  cubic  inches  of  air  at  32°  become 

492  *'  33" 

493  "  34°,  &c. 

increasing  one  cubic  inch  for  every  degree.     A  contraction  of  one 
cubic  inch  occurs  for  every  degree  below  32°. 

491  cubic  inches  of  air  at  32°  become 
490  "  31° 

489  "      .  30° 

488  "  29°,  &c. 

We  can  easily  deduce,  from  this  law,  the  expansion  which  a  certain 
volume  of  gas  at  a  given  temperature  wiU  undergo,  by  heating  it  up 
to  any  particular  temperature ;  or  the  contraction  that  will  result 
from  cooling.^  Air,  of  the  temperature  of  freezing  water,  has  its 
volume  doubled  when  heated  491  degrees,  and  when  heated  982 
degrees,  or  twice  as  intensely,  its  volume  is  tripled,  which  is  the 
effect  of  a  low  red  heat. 

A  slight  deviation  from  exact  uniformity  in  the  expansion  of 
different  gases  was  established  by  the  rigorous  experiments  of  both 
Magnus  t  and  Regnault.  J  The  more  easily  Hquefied  gases,  which 
exhibit  a  sensible  departure  from  the  law  of  Mariotte,  are  more 
expansible  by  heat  than  air,  as  will  appear  by  the  following 
table : — 


*  As  491  cubic  inches  of  air  at  32°  become  459  cubic  inches  at  0°,  air  may  be 
stated  to  expand  ^^th  part  of  its  volume  at  the  zero  of  Fahrenheit  for  each  degree. 
That  is,  459  volumes  of  air  at  0°  become  at  50°,  459  +  50  volumes,  or  509  volumes  ; 
at  60°,  459  +  60  volumes,  or  519  volumes.  Hence  the  expansion  of  100  volumes  of 
air  from  50°  to  60°  is  obtained  by  the  proportion — 

Meas.  at  50°.         Meas.  at  60°.         Meas.  at  50°.         Meas.  at  60°. 
509  :  519  ::  100  :  101*96 

t  Magnus,  Ann.  de  Chimie,  &c.  3  serie,  t.  4,  p.  330 ;  et  t.  6,  p.  353. 
t  Regnault,  ibid.  t.  4,  p.  5  ;  et  t.  6,  p.  370. 
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Expansion  upon 

1  volume  from 

Names  of  the  gases. 

32°  to  212°. 

Regnault. 

Magnus. 

Atmospheric  air 

...       0-36650 

... 

...     0-366508 

Hydrogen 

...       0-36678 

...     0-365659 

Carbonic  acid 

...       0-36896 

... 

...     0-369087 

Sulphurous  acid       

...       0-36696 

... 

...     0-385618 

Nitrogen 

...       0-36682 

Nitrous  oxide 

0-36763 

Carbonic  oxide 

...       0-36667 

Cyanogen      

...       0-36821 

Hydrochloric  acid 

...       0-36812 

• 

The  expansion  is  also  found  to  be  sensibly  greater  when  tlie  gas 
is  in  a  compressed  than  when  in  a  rare  state;  and  the  results  above 
strictly  apply  only  to  the  gases  under  the  atmospheric  pressure. 


Fig.  6.       Fig.  7. 

o  c 


THE    THERMOMETER, 

An  instrument  for  indicating  variations  in  the  intensity  of  heat,  or 
degrees  of  temperature,  by  their  effect  in  expanding  some  body,  was 
invented  more  than  two  centuries  ago,  and  has  received  successive 
improvements. 

The  expansions  of  sohds  are  too  minute  to  be  easily  measured,  and 
cannot,  therefore,  be  conveniently  applied  to  mark  degrees  of  lieat. 
Air  and  gases,  on  the  other  hand,  are  so  much  dilated  by  a  shght 
increase  of  heat,  that  they  are  not  calculated  for  ordinary  purposes. 
The  first  thermometer  constructed,  however,  that  of  Sanctorio,  was 
an  air  one.  A  glass  tube,  open  at  one  end,  with 
a  bulb  blown  upon  the  other  (fig.  6),  was  shghtly 
heated,  so  as  to  expel  a  portion  of  the  air  from  it, 
and  then  the  open  end  of  the  tube  was  dipped 
under  the  surface  of  a  coloured  fluid,  which  \A'as 
allowed  to  rise  into  the  tube,  as  the  air  cooled  and 
contracted.  When  heat,  the  heat  of  the  hand  for 
instance,  is  applied  to  the  bulb,  the  air  in  it  is 
expanded,  and  depresses  the  column  of  coloured 
fluid  in  the  tube.  A  useful  modification  of  the  air 
thermometer,  for  researches  of  great  dehcacy,  was 
contrived  by  Sir  John  Leslie,  under  the  name  of 
the  Dififerential  Thermometer.  In  tliis  instrument  two  close  bulbs 
are  connected  by  a  syphon  containing  a  coloured  liquid  (fig.  7). 
If  both  bulbs  be  equally  heated,  the  air  in  each  is  equally  expanded, 
and  the  liquid  between  them  remains  stationary.     But  if  the  upper 
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bulb  only  be  heated,  then  the  air  in  that  bulb  is  expanded,  and  the 
column  of  liquid  depressed.  It  is,  therefore,  the  difl'erence  of  tem- 
perature between  the  two  bulbs  which  is  indicated. 

But  liquids  fortunately  are  intermediate  in  their  expansions 
between  solids  and  gases,  and  when  contained  in  a  glass  vessel  of  a 
proper  form,  the  changes  of  bulk  which  they  undergo  can  be  indi- 
cated to  any  degree  of  precision. 

A  hollow  glass  stem  or  tube  is  selected,  the  calibre  or  bore  of 
which  may  be  of  any  convenient  size,  but  must  be  uniform,  or  not 
wider  at  one  place  than  another.  Tubes  of  very  narrow  bore,  and 
which  are  called  capillary,  the  bore  being  like  a  hair  in  magnitude, 
are  now  alone  employed.  Such  tubes  are  made  by  rapidly  drawing 
out  a  hollow  mass  of  glass  while  soft  and  ductile  under  the  influence 
of  heat.  The  central  cavity  still  continues,  becoming  the  bore  of  the 
tube,  and  would  not  cease  to  exist  although  the  tube  were  drawn  out 
into  the  finest  thread.  From  the  mode  in  which  capillary  tubes  are 
made,  their  equality  of  bore,  and  suitableness  for  thermometers, 
cannot  always  be  depended  upon.  The  bore  is  frequently  conical,  or 
wider  at  one  end  than  at  the  other.  It  is  tested  by  drawing  up 
into  the  tube  a  Kttle  mercury,  as  much  as  fills  a  few  lines  of  the 
cavity.  The  little  column  is  then  moved  progressively  along  the 
tube,  and  its  length  accurately  measured,  at  every  stage,  by  a  pair  of 
compasses.  The  column  w^ill  measure  the  same  in  every  part  of  the 
tube,  provided  the  bore  does  not  alter.  Not  more  than  one-sixth 
part  of  the  tubes  made  are  found  to  possess  this  requisite. 

Satisfied  with  the  regularity  of  the  bore,  the  thermometer-maker 
softens  one  extremity  of  the  tube,  and  blows  a  ball  upon  it.  This  is 
not  done  by  the  mouth,  which  would  moisten  the  interior,  by  intro- 
ducing watery  vapoui',  but  by  means  of  an  elastic  bag  of  caoutchouc, 
wliich  is  fitted  to  the  open  end  of  the  tube.  He  then  marks  off  the 
length  which  the  thermometer  ought  to  have,  and  above  that  point 
expands  the  tube  into  a  second  bulb  a  little  larger  than  the  first.  It 
has  then  the  form  of  fig.  8.  After  cooHng,  the  open  extremity 
^^^  g  of  the  tube  is  plunged  into 

distilled  and  well-boiled 
mercury,  and  one  of  the 
bulbs  heated  so  as  to  expel 
air  from  it.  During  the 
cooling,  the  mercury  is 
drawn  up  and  rises  into 
the  ball  a.     It  is  made  to 
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pass  from  thence  into  the  ball  h,  by  turning  the  instrument, 
so  that  b  is  undermost,  and  then  expelling  the  air  from  that  bulb 
by  applying  heat  to  it,  after  which  the  mercury  descends,  from 
the  effect  of  cooling.  The  ball  h,  being  entirely  filled  with  mer- 
cury, and  a  portion  left  in  «,  the  tube  is  supported  by  an  iron 
wire,  as  represented  in  the  figure,  over  a  charcoal  fire,  where  it  is 
heated  throughout  its  whole  length,  so  as  to  boil  the  mercury, 
the  vapour  of  which  drives  out  aU  the  air  and  humidity,  and 
the  balls  contain  at  the  end  nothing  but  the  metal  and  its 
vapour.  The  open  end  of  the  tube,  which  must  not  be  too  hot, 
is  then  touched  with  sealing-wax,  which  is  drawn  into  the  tube 
on  melting,  and  soHdifies  there  on  protecting  that  end  of  the  tube 
from  the  heat.  That  being  done,  the  thermometer  is  immediately 
withdrawn  from  the  fire,  and  being  held  wii\\  the  end  sealed  with 
wax  uppermost,  during  the  cooling  the  ball  h,  and  the  portion 
of  the  tube  below  the  baU  a,  are  filled  with  mercury.  After  cool- 
ing, the  instrument  is  inclined  a  Httle,  and  by  warming  the  lower 
ball,  a  portion  of  mercury  is  expelled  from  it,  so  that  the  mercury 
may  afterwards  stand  at  a  proper  height  in  the  tube  when  the  instru- 
ment is  cold.  The  tube  is  then  melted  with  care  by  the  blow-pipe 
flame  below  the  ball  a,  and  closed,  or  hermetically  sealed,  as  in  c. 
The  thermometer  is  in  this  way  properly  filled  with  mercury,  and 
contains  no  air. 

We  have  now  an  instrument  in  which  we  can  nicely  measure  and 
compare  any  change  in  the  bulk  of  the  included  fluid  metal.  Having 
previously  made  sure  of  the  equality  of  the  bore,  it  is  evident  that  if 
the  mercury  swells  up  and  rises  two,  three,  four,  or  five  inches  in  the 
tube,  it  has  expanded  twice,  thrice,  four,  or  five  times  more  than  if  it 
had  risen  only  one  inch  in  the  tube.  By  placing  a  graduated  scale 
against  the  tube,  we  can,  therefore,  learn  the  quantity  of  expansion 
by  simple  inspection. 

In  order  to  have  a  fixed  point  on  the  scale,  from  which  to  begin 
counting  the  expansion  of  mercury  by  heat,  we  plunge  the  bulb  of 
the  thermometer  into  melting  ice,  and  put  a  mark  on  the  stem  at  the 
point  to  which  the  mercury  falls.  However  frequently  we  do  so  with 
the  same  instrument,  we  shall  find  that  the  mercury  always  falls  to 
the  same  point.  This  is,  therefore,  a  fixed  starting  point.  We 
obtain  another  fixed  point  by  plunging  the  thermometer  into  bofling 
water.  With  certain  precautions,  this  point  wiU  be  found  equally 
fixed  on  every  repetition  of  the  experiment.  The  most  important 
of  these  precautions  is,  that  the  barometer  be  observed  to  stand  at 
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30  inches"'^,  when  the  boiling  point  is  taken.  It  will  afterwards  be 
explained  that  the  boihng  point  of  water  varies  with  the  atmospheric 
pressure  to  which  it  is  subject  at  the  time. 

Thermometers  which  are  properly  closed,  and  contain  no  air,  can 
be  inverted  without  injury,  and  the  mercury  falls  into  the  tube,  pro- 
ducing a  sound  as  water  does  in  the  water-hammer.  When  the 
instrument  contains  air,  the  tlu'ead  of  mercury  is  apt  to  divide  on 
inversion,  or  from  other  circumstances.  When  this  accident  occurs, 
it  is  best  remedied  by  attaching  a  string  to  the  upper  end  of  the 
instrument,  and  whirling  it  round  the  head.  The  detached  little 
column  of  mercury  generally  acquires  in  this  way  a  centrifugal  force, 
wliich  enables  it  to  pass  the  air,  and  rejoin  the  mercury  in  the  bulb. 

When  the  glass  of  the  bulb  is  thin,  it  is  proper  to  seal  the  tube  as 
described,  and  to  retain  it  for  a  few  weeks  before  marking  upon  it 
the  fixed  points.  Thermometers,  however  carefully  graduated  at  first, 
are  found  in  a  short  time  to  stand  above  the  mark  in  melting  ice,  unless 
this  precaution  be  attended  to.  Old  instruments  often  err  by  as 
much  as  half  a  degree,  or  even  a  degree  and  a  half,  in  this  way.f  The 
effect  is  supposed  to  arise  from  the  pressure  of  the  atmosphere  upon 
the  bulb,  which,  when  not  truly  spherical,  seems  to  yield  slightly, 
and  in  a  gradual  manner.  The  chance  of  this  defect  may  be  avoided 
by  giving  the  bulb  a  certain  tliickness.  Mr.  Crichton's  thermo- 
meters, of  which  the  freezing  point  has  not  altered  in  forty  years, 
were  all  made  unusually  tliick  in  the  glass.  But  this  tliickness  has 
the  disadvantage  of  diminishing  the  sensibility  of  the  instrument  to 
the  impression  of  heat. 

We  have  in  this  way  the  expansion  marked  off  on  the  tube,  which 
takes  place  between  the  freezing  and  boihng  points  of  water.  On 
the  thermometer  which  is  used  in  this  country,  and  called  Fahren- 
heit's, this  space  is  subdivided  into  180  equal  parts,  wliich  are  called 
degrees.  Tliis  division  appears  empirical,  and  different  reasons  are 
given  why  it  was  originally  adopted.  But  as  Fahrenheit,  who  was  an 
instrument-maker  in  Hamburgh,  kept  his  process  for  graduating 
thermometers  a  secret,  we  can  only  form  conjectures  as  to  what  were 
the  principles  that  guided  him. 

*  More  exactly  29*92  inches,  that  is,  760  millimetres ;  the  latter  number  being 
universally  assumed  on  the  continent  as  the  standard  height  of  the  barometer. 

t  Many  thermometers  cannot  be  heated  60  or  80  degrees,  without  a  sensible 
displacement  of  the  zero  point,  as  remarked  by  Regnault  (Ann.  de  Chimie,  &c.,  t.  6, 
p.  378),  and  by  Is.  Pierre  (lb.  t.  5,  p.  427  ;  et  t.  15,  p.  332),  who  indicate  the 
extraordinary  precautions  requisite  in  the  construction  of  thermometers  for  accurate 
research. 

C 
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It  is  more  convenient  to  divide  the  space  between  the  freezing  and 
boiling  of  water  into  100  equal  parts^  which  was  done  in  the  instru- 
ment of  Celsius,  a  Swedish  philosopher.  Tliis  division  was  adopted  at  a 
later  period  in  Trance,  under  the  designation  of  the  Centigrade  scale, 
and  is  now  generally  used  over  the  continent.  The  freezing  point  of 
water  is  called  0,  or  zero,  and  the  boihng  point  100.  But  in  our  scale, 
the  point  is  arbitrarily  called  32°,  or  the  32nd  degree ;  and  conse- 
quently the  boihng  point  is  32  added  to  180,  or  the  212th  degree."^ 
The  scale  can  easily  be  prolonged  to  any  extent,  above  or  below 
these  points,  by  marking  off  equal  lengths  of  the  tube  for  180 
degrees,  either  above  or  below  the  space  first  marked.  The  degrees  of 
contraction  below  zero,  or  0°,  are  marked  by  the  minus  sign  ( — ), 
and  called  negative  degrees,  in  order  to  distinguish  them  from  degrees 
of  the  same  name  above  zero,  or  positive  degrees.  Thus,  47°  means 
the  47th  degree  above  zero,  — 47°,  the  47tli  degree  under  zero. 

The  only  other  scale  in  use  is  that  of  Eeaumur,  in  the  north  of 
Germany.  The  expansion  between  the  freezing  and  boihng  of  water 
is  divided  into  80  parts  in  this  thermometer.  The  relation  between 
the  three  scales  is  illustrated  in  the  foUomng  diagram. 

The  zero  of  our 
scale  is  32  degrees  be- 
low the  freezing  point 
of  water,  and  the  ex- 
pansions of  mercury 
are  available  in  the 
thermometer  from 
—39°  to  600°;  but 
about  the  latter  de- 
gree, mercury  rises  in 
the  tube  in  the  state 
of  vapour,  so  as  to 
derange  the  indica- 
tions, and  at  about 
660°  it  boils,  and  can 
no  longer  be  retained 
in  the  glass  vessel; 
while  at  the  former  low  point  it  freezes  or  becomes  solid.  For  degrees 
of  cold  below  the  freezing  point  of  mercury,  we  must  be  guided  by 

*  A  simple  rule  may  be  given  for  converting  Centigrade  degrees  into  degrees 
Fahrenheit.  100  degrees  Centigrade  being  equal  to  180  degrees  Fahrenheit, 
10  degrees  C.    =  18  degrees  F.,  or  5   degrees  C.   =   9  degrees  F. ;  multiply  the 
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tlie  contractions  of  alcohol  or  spirits  of  wine,  a  liquid  which  has  not 
been  frozen  by  any  degree  of  cold  we  are  capable  of  producing. 
There  is  no  reason,  however,  for  beheving  that  we  have  ever  descended 
more  than  160  or  170  degrees  below  zero  of  Fahrenheit. 

The  zero  of  these  scales  has,  therefore,  no  relation  to  the  real  zero 
of  heat,  or  point  at  wliich  bodies  have  lost  all  heat.  Of  this  point 
we  know  nothing,  and  there  is  no  reason  to  suppose  that  we  have 
ever  approached  it.  The  scale  of  temperature  may  be  compared  to  a 
chain,  extended  both  upwards  and  downwards  beyond  our  sight. 
We  fix  upon  a  particular  Hnk,  and  count  upwards  and  downwards 
from  that  hnk,  and  not  from  the  beginning  of  the  chain. 

The  means  of  producing  heat  are  much  more  at  our  command,  but 
we  have  no  measure  of  it,  of  easy  apphcation  and  admitted  accuracy, 
above  the  boiling  point  of  mercury.  Recourse  has  been  had  to 
the  expansion  of  solids  at  high  temperatures,  and  various  pyro- 
meters, or  ^^  measures  of  fire,''  have  been  proposed.  Professor 
Daniell's  pyrometer  is  a  valuable  instrument  of  this  kind,  of  which 

Fig.  12. 


Centigrade  degrees  by  9,  and  divide  by  5,  and  add  32.     Thus  to  find  the  degree  F. 
corresponding  with  50°  C.  50 

9 

5)450       ^ 

90 
add  32 


Or  the  50°  C.  corresponds  with  the  122°  F. 
For  facility  of  reference  a  table  of  the  corresponding  degrees  is  given  in  Appendix  II . 
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the  indications  result  from  the  difference  in  the  expansion  by  heat  of 
an  iron  or  platinum  bar,  and  a  tube  of  well-baked  black-lead  ware, 
in  wliich  the  bar  is  contained.  The  metallic  bar  a  is  shorter  than 
the  tube,  and  a  short  plug  of  earthenware  h  is  placed  in  the  mouth  of 
the  tube  above  the  iron  bar,  and  so  secured  by  a  strap  of  platinum 
foU  and  a  little  wedge,  that  it  shdes  with  difficulty  in  the  tube.  By 
the  expansion  of  the  metallic  bar,  the  plug  of  earthenware  is  pushed 
outwards,  and  remains  in  its  new  position  after  the  contraction  of  the 
metallic  bar  on  cooling.  The  expansion  of  the  iron  bar  thus  obtained, 
is  measured  by  adapting  to  the  instrument  an  index,  c,  which 
traverses  a  circular  scale,  before  and  after  the  earthenware  plug  has 
been  moved  outwards  by  the  expansion  of  the  metallic  bar.  The 
degrees  marked  on  the  scale  are  in  each  instrument  compared  experi- 
mentally with  those  of  the  mercurial  scale,  and  the  ratio  marked  on 
the  instrument,  so  that  its  degrees  are  convertible  into  those  of 
Fahrenheit,  (Philosophical  Transactions,  1830-31.)  An  air  thermo- 
meter, of  which  the  bulb  and  tube  were  of  metal,  has  also  been 
employed  to  explore  liigh  temperatures.  In  the  old  pyrometer  of 
Wedgwood,  the  degree  of  heat  was  estimated  by  the  permanent  contrac- 
tion which  is  produced  upon  a  pellet  of  pipe-clay ;  but  the  indications 
of  tliis  instrument  are  fallacious,  and  it  has  long  gone  out  of  use. 

The  apphcabnity  of  the  mercurial  thermometer  to  measure  degrees 
of  heat,  depends  upon  two  important  circumstances,  wliich  involve 
the  whole  theory  of  the  instrument : — 

1st.  The  hollow  glass  ball,  with  its  fine  tube  of  uniform  bore,  is  a 
nice  fluid  measure.  The  ball  and  part  of  the  stem  being  filled  with 
a  fluid,  the  sHghtest  change  in  the  bulk  of  the  fluid,  which  may  arise 
from  the  apphcation  of  heat  or  of  cold  to  it,  is  conspicuously  exhibited 
by  the  rise  or  fall  of  the  fluid  column  in  the  stem.  No  more  dehcate 
measure  of  the  bulk  of  an  included  fluid  could  be  devised. 

2nd.  It  fortunately  happens  that  the  expansions  of  mercury,  wliich 
can  thus  be  measured  so  accurately,  are  proportional  to  the  quantities 
of  heat  wliich  produce  them.  But  the  mode  in  which  this  is  proved' 
requires  a  Httle  attention.  Suppose  we  had  two  reservoirs,  one  con- 
taining cold,  and  the  other  hot  water.  Plunge  a  thermometric  bulb 
containing  mercury  first  into  the  cold  water,  and  mark  at  what  point 
in  the  stem  the  mercury  stands.  Then  plunge  it  into  the  hot  water, 
and  mark  also  the  point  to  which  the  mercury  now  rises  in  the  stem. 
We  can  obviously  make  a  heat  which  will  be  half  way  exactly  between 
the  hot  and  cold  water,  by  taking  the  same  quantity  of  the  hot  and 
cold  water,  and  mixing  them  together.     Now,  does  this  half  heat 
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produce  a  half  expansion  in  mercury  ?  On  trial  we  find  that  it  does. 
In  the  mixture  of  equal  parts  of  the  hot  and  cold  water,  the  mercury- 
stands  exactly  haK  way  between  the  marks,  supposing  the  experiment 
to  be  conducted  with  the  proper  precautions.  This  proves  that  the 
dilatations  of  mercury  are  proportional  to  the  intensity  of  the  heat 
which  produces  them.  In  the  mercurial  thermometer,  therefore, 
quantities  or  degrees  of  expansion  may  be  taken  to  indicate  quantities 
or  degrees  of  heat ;  and  that  is  the  principle  of  the  instrument. 

The  same  correspondence  exists  between  the  expansions  of  air  and 
the  quantities  of  heat  wliich  produce  them.  Indeed,  in  air,  the 
correspondence  is  rigidly  exact,  while  in  mercury  it  is  only  a  close 
approximation.  Thus  Dulong  and  Petit  found  that  the  boihng  point 
of  mercury  was. 

As  measured  by  mercury  in  a  syphon  ....  680° 
**  '*  the  air  thermometer  (true  temp.)  .  .  662° 
"         *'        mercury  in  glass  (Mr.  Crichton)    .         .     660° 

A  short  table  exhibiting  the  increasing  rate  of  the  expansions  of 
mercury  has  already  been  given,  but  glass  expands  in  a  ratio  increasing 
quite  as  rapidly  as  tliis  metal ;  so  that  the  greater  expansion  of  the 
mercury  in  the  thermometer  at  high  temperatures  is  fortunately 
corrected  by  the  increasing  capacity  of  the  glass  bulb.^ 

Fixed  oils  and  spirits  of  wine  do  not  deviate  far  from  uniformity 
in  their  expansions,  at  least  at  low  temperatures,  and  therefore  are 
sometimes  used  as  thermometric  liquids.  Spirit  of  wine  thermometers, 
however,  are  often  found  to  vary  6  or  8  degrees  from  each  other  at 
temperatures  so  low  as  — 30°  or  — 40°. 

Thermometers  have  been  devised  which  indicate  the  highest  and 

lowest  temperature  which  has  occurred  between  two  observations,  or 

are    self-registering.       A  thermometer,     wliich    was   invented  by 

F^«-13.  Dr.    Rutherford,  is 


of  this  kind.  This 
instrument  consists, 
properly  speaking, 
of  two  thermome- 
ters, one  a,  of  spirit 
of  wine,  and  the  other,  J,  of  mercury,  wliich  are  placed  in  the  position 
represented  in  the  figure,  their  stems  being  horizontal.  The  thermo- 
meter b  is  intended  to  indicate  the  maximum  temperature.  It 
contains,  in  advance  of  the  mercury,  a  short  piece  of  iron  wire,  which 

*  In  a  note  on  the  Comparison  of  the  Air  and  Mercurial  Thermometers ;  by 
M.  Regnault.     Annales  de  Chimie,  &c.  3  ser.  t.  6,  p.  470. 
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Fig.  14. 


the  mercury  carries  forward  with  it  in  dilating,  and  wliich  remains  in 
its  advanced  position,  marking  the  liighest  temperature  that  has 
occurred,  when  the  mercury  withdraws.  The  minimum  temperature 
is  indicated  by  the  spirit  of  wine  thermometer  a,  which  contains, 
immersed  in  the  spirit,  a  small  cylinder  of  ivory,  wdiich,  by  a  shght 
incHnation  of  the  instrument,  falls  to  the  surface  of  the  liquid  without 
being  able  to  pass  out  of  it.  When  the  thermometer  sinks,  the  ivory 
is  carried  back  in  the  spirit;  but  when  the  temperature  rises,  the 
alcohol  only  advances,  leaving  the  ivory  where  it  was.  Its  extremity 
most  distant  from  the  bulb  then  indicates  the  lowest  temperature  to 
which  the  thermometer  had  been  exposed.  Before  another  observa- 
tion is  made,  the  ivory  must  be  brought  again  to  the  surface  of  the 
alcohol  by  a  sHght  percussion  of  the  instrument. 

Another  self-registering  instrument,  known  in  London  as  Six's, 
has  the  great  advantage  over  the  preceding  instrument  of  being 
much  less  Hable  to  go  out  of  order.  It  consists  of  one  thermometer 
only  (fig.  14),  filled  with  colourless  spirits  of  wine,  having  a  large 
cyHndrical  bulb.  The  stem  is  t^vice  bent, 
and  contains  a  column  of  mercury,  b,  in  the 
lower  bend,  wliich  is  in  contact  with  the  alcohol, 
and  advances  or  recedes  with  it.  On  either 
side  of  this  mercury  there  is  placed  a  little 
iron  cyHnder,  or  index,  c  and  d,  which  has  a 
fine  hair  projecting  from  it,  so  as  to  press 
against  the  sides  of  the  tube,  and  cause  the 
cyhnder  to  move  with  a  little  difficulty.  These 
iron  cylinders,  wliich  have  flattended  ends  co- 
vered with  a  vitreous  matter,  are  brought  into 
contact  with  the  mercury  by  means  of  a  mag- 
net, and  are  pushed  along  by  the  column  of 
mercury,  when  the  latter  is  moved  by  the 
alcohol.  The  minimum  temperature  is  in- 
dicated by  Cj  and  the  maximum  by  d.  The 
tube  is  expanded  at  e,  and  sealed  after  filling 
that  space  partly  with  alcohol,  for  no  other 
purpose  tlian  to  facihtate  the  movement  of  the 
index,  d. 

Our  notions  of  the  range  of  temperature 
acquire  aU  their  precision  from  the  use  of  the 
thermometer.  Cold,  for  instance,  is  allowed  a 
substantial  existence,  as  well  as  heat,  in  popidar  language.    What  is 
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cold  ?  it  is  the  absence  of  lieat_,  as  darkness  is  the  absence  of  light. 
The  absence  of  heat,  however,,  is  never  complete,  bnt  only  partial. 
Water,  after  it  is  frozen  into  ice,  cold  as  it  is  in  relation  to  our  bodies, 
has  not  lost  all  its  heat,  for  it  is  easy  to  cool  a  thermometer  far  below 
the  temperature  of  ice,  and  have  it  in  such  a  condition  as  that  it 
shall  acquire  heat,  and  be  expanded  by  contact  with  ice ;  thus  proving 
that  the  ice  contains  heat.  Spirits  of  wine  have  not  been  frozen  at 
the  lowest  temperature  that  has  liitherto  been  attained ;  but  even  then 
this  hquid  possesses  heat,  and  there  is  no  doubt  that  if  a  sufficiently 
large  portion  of  its  heat  were  withdrawn,  it  would  freeze  like  other 
bodies.  The  following  are  interesting  circumstances  in  the  range  of 
temperature : — 

— 166°  Fahr.  Greatest  artificial  cold  measured.      (Faraday.) 

— 150°  **  Liquid  nitrous  oxide  freezes.  ** 

— 122°  **  Liquid  sulphuretted  hydrogen  freezes.    " 

— 10.5°  "  Liquid  sulphurous  acid  freezes.  " 

—  71°  **  Liquid  carbonic  acid  freezes.  " 

—  91°  ♦*  Greatest  artificial  cold  measured  by  Walker. 

—  56°  "  Greatest  natural  cold  observed  by  a  "  verified"  thermometer. 

(Sabine.) 

—  70°     "         Greatest  natural  cold  observed  at  Fort  Reliance  by  Back. 

Doubtful. 

—  58°     '*         Estimated  temperature  of  planetary  space.     (Fourier.) 

—  47°     "         Sulphuric  ether  freezes. 

—  39°     "         Mercury  freezes. 

—  30°     *'         Liquid  cyanogen  freezes.     (Faraday.) 

—  7°     <<         A.  mixture  of  equal  parts  of  alcohol  and  water  freezes. 

+      7°     "  A  mixture  of  one  part  of  alcohol  and  three  parts  of  water 
freezes. 

20°     "  Strong  wine  freezes. 

32°     "  Ice  melts. 

50°' 7  "  Mean  temperature  of  London. 

81°'5  **  Mean  temperature  at  the  Equator. 

98°     "  Heat  of  the  human  blood. 

1 1 7°'3  *  *  Highest  natural  temperature  observed — of  a  hot  wind  in  Upper 

Egypt.     (Burckhardt.) 

151°*34  Wood-spirit  boils.    (Is.  Pierre.) 

172°-94  Alcohol  boils.  " 

212°     "  Water  boils. 

442°     "  Tin  melts. 

594°    "  Lead  melts. 

662°     *•  Mercury  boils. 

980°     "  Red  heat.     (Daniell.) 

1141°     **  Heat  of  a  common  fire.     (Daniell.) 

1869°    "  Brass  melts. 

2283°     «•  Silver  melts. 

3479°     "  Cast  iron  melts.  ♦* 
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Equal  bulks  of  different  substances,  such  as  water  and  mercury, 
require  the  addition  of  different  quantities  of  heat  to  produce  the 
same  change  in  their  temperature.  This  appears  evident  from  a 
variety  of  circumstances.  If  two  similar  glass  bulbs,  like  thermo- 
meters, one  containing  mercury  and  the  other  water,  be  immersed  at 
the  same  time  in  a  hot  water -bath,  it  will  be  found  that  the  mercury 
bulb  is  heated  up  to  the  temperature  of  the  water-bath  in  half  the 
time  that  the  water  bulb  requires ;  and  if  the  two  bulbs,  after  having 
both  attained  the  temperature  of  the  water-bath,  be  removed  from 
it  and  exposed  to  the  air,  the  mercury  bulb  will  cool  twdce  as  rapidly 
as  the  other.  These  effects  must  arise  from  the  mercury  absorbing 
only  half  the  quantity  of  heat  which  the  water  does  in  being  heated 
up  to  the  same  degree  in  the  water-bath,  and  from  having,  conse- 
quently, only  half  the  quantity  of  heat  to  lose  in  the  subsequent 
cooHng.  Again,  if  we  mix  equal  measures  of  water  at  70°  and  130°, 
the  temperature  of  the  whole  will  be  100°;  or  the  hot  measure  of 
water,  in  losing  30°,  elevates  the  temperature  of  the  cold  measure  by 
an  equal  amount.  But  if  we  substitute  for  the  hot  water,  in  this 
experiment,  an  equal  measure  of  mercury  at  130°,  on  mixing  it  with 
the  measure  of  water  at  70°  the  temperature  of  the  whole  wiU  not  be 
100°,  but  more  nearly  90°.  Here  the  mercury  is  cooled  from  130° 
to  90°,  or  loses  40°  of  heat,  which  have  been  transferred  to  the  water, 
but  which  raise  the  temperature  of  the  latter  only  20°,  or  from  70° 
to  90°.  To  heat  the  measure  of  water  at  70°  to  100°,  we  must  mix 
with  it  two,  or  a  little  more  than  two,  equal  measures  of  mercury  at 
130°,  although  one  measure  of  water  at  130°  would  answer  the  pur- 
pose. If,  therefore,  two  measures  of  mercury,  by  losing  30°  of  tem- 
perature, heat  only  one  measure  of  water  30°,  it  follows  that  hot 
mercury  possesses  only  half  the  heat  of  equally  hot  w^ater ;  or  that 
water  requires  double  the  quantity  of  heat  that  is  required  by  mercury, 
to  raise  it  a  certain  number  of  degrees.  This  is  expressed  by  saying 
that  water  has  twice  the  cai)acity  for  heat  that  mercury  possesses. 

It  is  more  convenient  to  express  the  capacities  of  different  bodies 
for  heat,  with  reference  to  equal  weights  than  equal  measures  of  the 
bodies.  On  accurate  trial,  it  is  found  that  a  pound  of  water  absorbs 
thirty  times  more  heat  than  a  pound  of  mercury,  in  being  heated  the 
same  number  of  degrees :  the  capacity  of  water  for  heat  is,  therefore, 
tliirty  times  greater  than  that  of  mercury.     The  capacities  of  these 
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two  bodies  are  in  the  relation  of  1000  to  33 ;  and  it  is  convenient 
to  express  the  capacities  for  heat  of  all  bodies,  in  relation  to  that  of 
water,  as  1000.     Such  numbers  are  the  specific  heats  of  bodies. 

There  are  two  methods  usually  followed  in  determining  capacity  for 
heat.  The  first,  which  was  that  practised  by  MM.  Dulong  and  Petit, 
consists  in  allowing  different  substances  to  cool  the  same  number  of 
degrees  in  circumstances  w^hich  are  exactly  similar ;  to  inclose  them, 
for  instance,  in  a  polished  silver  vessel,  containing  the  bulb  of  a  ther- 
mometer in  its  centre,  and  to  place  this  vessel  under  a  bell-jar  in 
wliicli  a  vacuum  is  made.  The  time  which  the  different  substances 
take  to  cool,  enables  us  to  calculate  the  quantity  of  heat  which  they 
give  out.  The  second,  or  method  of  mixture,  consists  in  heating 
up  the  metal  or  other  substance  to  212°,  and  then  throwing  it  into 
a  vessel  containing  a  considerable  weight  of  cold  water,  to  which  a 
quantity  of  heat  will  be  communicated,  and  a  rise  of  temperature 
occasioned  proportional  to  the  capacity  for  heat  of  the  substance. 
The  following  Table  contains  results  of  M.  Eegnault,  which  closely 
coincide  with  the  prior  determinations  of  Dulong  and  Petit : — 


Substances. 
Water 

Spec 
eqi 

ific  heat  of 
lal  weights. 
1000 

Ice*     . 

,         ,         . 

.     513 

Oil  of  turpentine, 

at  63-5°  Fahr. 
at  50°      Fahr.    . 

• 

.     426t 
414 

Wood  charcoal 

, 

241t 

Sulphur 
Glass 

• 

203 
198 

Diamond 
Iron    . 

• 

147t 
113-79 

Nickel 

. 

108-63 

Cobalt 

. 

106-96 

Zinc   . 

. 

95-55 

Copper 
Arsenic 

• 

95-15 
81-40 

Silver 

. 

5701 

Tin     . 

. 

56-23 

Iodine 

, 

54-12 

Antimony- 
Gold 

• 

I 

50-77 
32-44 

*  Ed.  Desains,  Annales  de  Chimie  et  de  Physique,  3me  ser.  t.  14,  p.  306  (1845). 
By  another  method,  the  number  465  was  obtained.  The  capacity  of  ice  is,  therefore, 
sensibly  one-half  that  of  water.  This  is  a  valuable  paper,  which  will  be  referred 
to  with  advantage. 

t  Regnault,  ibid.  t.  ix.  pp.  339  and  324. 
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,  Specific  heat  of 

Substances.  ^q^^l  weights. 

Platinum 32-43 

Mercury      ......••  33*32 

Lead 31-40 

Bismuth 30-84 

The  method  of  cooling  gives  results  so  exact,  as  to  allow  the  detec- 
tion of  an  increase  of  capacity  with  the  temperature.  The  capacity 
of  iron,  when  tried  between  32°  and  212°,  as  was  the  case  with  all 
the  bodies  in  the  table,  was  110;  but  115  between  32°  and  392°, 
and  126  between  32°  and  662°.  It  hence  foUows,  that  the  capacity 
for  heat,  Hke  dilatation,  augments  in  proportion  as  the  temperature  is , 
elevated.  Dulong  and  Petit  likewise  estabhshed  a  relation  between 
the  capacity  for  heat  of  metallic  bodies  and  the  proportion  by  weight 
in  wliich  they  combine  with  oxygen,  or  any  other  substance,  wliich 
will  again  be  adverted  to. 

Of  aU.  Hquid  or  sohd  bodies,  water  has  much  the  greatest  (?apacity 
for  heat.  Hence  the  sea-,  which  covers  so  large  a  proportion  of  the 
globe,  is  a  great  magazine  of  heat,  and  has  a  beneficial  influence  in 
equalizing  atmospheric  temperature.  Mercury  has  a  small  specific 
heat,  so  that  it  is  quickly  heated  or  cooled,  another  property  which 
recommends  it  as  a  liquid  for  the  thermometer,  imparting,  as  it  does, 
great  sensibihty  to  the  instrument. 

The  determination  of  the  specific  heat  of  gases  is  a  problem 
involved  in  the  greatest  practical  difficulties ;  so  that  notwithstanding 
its  having  occupied  the  attention  of  some  of  the  ablest  chemists,  our 
knowledge  on  the  subject  is  still  of  the  most  uncertain  nature.  It 
has  been  concluded  by  Delarive  and  Marcet,^  and  by  Mr.  Haycraft,t 
that  the  specific  heat  of  all  gases  is  the  same  for  equal  volumes.  But 
this  opinion  has  been  controverted  by  Dulong,  J  by  Dr.  Apjolm,§ 
and  by  Suermann,||  who  have  followed  Delaroche  and  Berard  in  tliis 
inquiry  H.  Their  method  was  to  transmit  known  quantities  of  the 
gases,  heated  to  212°  in  an  uniform  current,  through  a  serpentine 
tube,  surrounded  by  water,  the  temperature  of  wliich  was  observed, 
by  a  delicate  thermometer,  at  the  beginning  and  end  of  the  process. 
The  results  obtained  by  the  different  experimenters  are  contained  in 
the  following  table : — 

*  Annates  de  Ch.  et  de  Ph.  t.  35,  p.  5 ;  and  t.  41,  p.  78. 

t  Edinburgh  Phil.  Trans.     1824. 

I  Annales  de  Ch.  et  de  Ph.  t.  41,  p.  113. 

§  Transctions  of  the  Royal  Irish  Academy.    1837.         ||  lb.  t.  63,  p.  315. 

^  Annales  de  Chiraie,  t.  75  :  or  Annals  of  Philosophy,  vol.  ii. 
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Capacity 

Capacity  for  equal 

for  equal 

weights. 

Name  of  the  gas. 

volumes. 
Air+1. 

Authority. 

Air=l. 

Wafer=l. 

Air 

1-0000 

1-0000 

0-2669 
0-3046 

Delaroche  and  Berard. 
Suermann. 

Oxygen       .... 

0-8080 

0-7328 

0-1956 

Apjohn. 

0-9765 

0.8848 

0-2361 

Delaroche  and  Berard. 

0-9954 

0.9028 

0-2750 

Suermann. 

1-0000 

0-9069 

I 

Delarive   and    Marcet, 
Haycraft,  Dulong. 

Hydrogen  .     .     . 

0-9033 

12-3401 

3-2936 

Delaroche  and  Berard. 

1-0000 

14-4930 

.     . 

D.&M.  Haycraft,  Dulong 

1-3979 

20-3121 

6-1892 

Suermann. 

1-4590 

21-2064 

.    .     . 

Apjohn. 

Chlorine     .... 

10000 

0-4074 

.      ; 

Delarive  and  Marcet. 

Nitrogen    .... 

1-0000 

1-0318 

0-2754 

Delaroche  and  Berard. 

1-0005 

1-0293 

0-3138 

Suermann. 

1-0480 

1-0741 

Apjohn. 

Steam 

1-9600 

3-1360 

0-8476 

Delaroche  and  Berard. 

Carbonic  oxide     .     . 

0-9925 

1-0253 

0-3123 

Suermann. 

0-9960 

1-0239 

•     .     . 

Apjohn. 

1-0000 

1-0802 

.     .     . 

D.  and  M.  Dulong. 

1-0340 

1-0805 

0-2884 

Delaroche  and  Berard. 

Carbonic  acid 

1-0000 

0-6557 

. 

Haycraft. 

1-0655 

0-6925 

0-2124 

Suermann. 

1-1750 

.     . 

.     . 

Dulong. 

1-1950 

0-7838 

.     . 

Apjohn. 

1-2220 

. 

.    . 

Delarive  and  Marcet. 

1-2583 

0-8280 

0-2210 

Delaroche  and  Berard. 

Sulphurous  acid 

1.0000 

0-4507 

.     . 

Delarive  and  Marcet. 

Sulphuretted  hydrog. 

1-0000 

0-8485 

.     .     . 

it                                  u 

Hydrochloric  acid 

1-0000 

0-7925 

.     .     . 

<(                        (< 

Nitrous  oxide        .     . 

1-0000 

0-6557 

.     . 

it                        *< 

1-1229 

0-7354 

0-2240 

Suermann. 

1-1600 

.     .     . 

.     .     . 

Dulong. 

1-1930 

0-7827 

.     . 

Apjohn. 

1-3503 

0.8878 

0-2369 

Delaroche  and  Berard. 

Nitric  oxide 

1-7000 

0-9616 

Delarive  and  Marcet. 

Ammonia    .... 

1-0000 

1-6968 

»(                    <. 

Cyanogen    .... 

1-0000 

0-5547 

it                    tt 

Olefiant  gas     .     .     . 

1-0660 
1-5310 

.     .     . 

•    •     • 

Haycraft. 
Dulong. 

1-5530 

i-5763 

0-4207 

Delaroche  and  Berard. 

1-5300 

.     .     . 

.     .     . 

Delarive  and  Marcet. 

It  will  be  observed,  that  the  capacity  for  heat  of  steam,  as  well  as 
of  ice,  is  less  than  that  of  an  equal  weight  of  water.  Hence  the 
specific  heat  of  a  body  may  change  with  its  physical  state.  Delaroche 
and  Berard  likewise  observed  that  the  capacity  of  a  gas  is  increased 
by  its  rarefaction.     When  the  volume  of  a  gas  is  doubled,  by  with- 
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drawing  half  the  pressure  upon  it,  its  specific  heat  is  not  quite  so 
much  as  doubled.  Tliis  is  the  reason  why  a  gas  becomes  cold  in 
expanding.  In  the  expanded  state  it  requires  more  heat  to  sustain 
it  at  its  former  temperature,  from  the  augmentation  wliich  has  oc- 
curred in  its  capacity.  Air  expanded  into  double  its  volume  is 
cooled  40  or  50  degrees ;  and  it  has  its  temperature  raised  to  that 
extent  by  compression  into  half  its  volume ;  suddenly  condensed  to 
one-fifth  of  its  volume  by  a  piston  in  a  small  cylinder,  so  much  heat 
is  evolved  as  to  cause  the  ignition  of  a  readily  inflanunable  substance, 
such  as  tinder. 


COMMUNICATION  OF  HEAT  BY  CONDUCTION  AND  RADIATION. 

1.  Conduction. — When  one  extremity  of  a  bar  of  iron  is  plunged 
into  a  fire,  the  heat  passes  tln-ough  the  bar  in  a  gradual  manner, 
being  communicated  from  particle  to  particle,  and  after  passing 
through  the  whole  length  of  the  bar,  may  arrive  at  the  other 
extremity.  Heat,  when  conveyed  in  this  way,  is  said  to  be  con- 
ducted. 

In  soHd  substances,  the  phenomenon  of  the  conduction  of  heat  is 
so  simple  and  familiar,  that  Httle  need  be  said  on  the  subject.  Dif- 
ferent sohd  substances  vary  exceedingly  from  each  other  in  their 
power  to  conduct  heat.  Dense  or  heavy  substances  are  generally 
good  conductors,  while'  Hght  and  porous  bodies  conduct  heat  im- 
perfectly. Hence  the  universal  use  of  substances  of  the  latter  class 
for  the  purposes  of  clothing.  Count  Rumford  observed,  that  the  finer 
the  fabric  of  woollen  cloth  is,  the  more  imperfectly  does  it  conduct. 
The  down  of  the  eider-duck  appears  to  be  unrivalled  in  this  respect. 
Bad  conductors  are  also  the  most  suitable  for  keeping  bodies  cool, 
protecting  them  from  the  access  of  heat.  Hence  to  preserve  ice 
in  summer,  we  wrap  it  in  flannel.  Among  good  conductors  of  heat, 
the  metals  are  the  best.  The  relative  conducting  power  of  several 
bodies  is  expressed  by  the  numbers  in  the  following  table,  from  the 
experiments  of  Despretz. 


Gold      . 

.     1000 

Tin 

303-9 

Silver    . 

.       973 

Lead       . 

179-6 

Copper  . 

.       898 

Marble    . 

23-6 

Iron 

.       374-3 

Porcelain 

14-2 

Zinc       . 

.      363 

Clay 

.       11-4 
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Glass  is  an  imperfect  conductor,  for  we  can  fuse  the  point  of  a 
glass  rod  in  a  lamp,  holding  it  within  an  inch  of  the  extremity. 
On  the  contrary,  we  find  it  difficult  to  heat  any  part  of  a  tliick 
metallic  wire  to  redness  in  a  lamp,  owing  to  the  rapidity  with  which 
the  heat  is  carried  away  by  the  contiguous  parts. 

The  following  table  of  the  conducting  power  of  various  materials 
used  in  the  construction  of  houses,  as  observed  by  Mr.  Hutchinson, 
is  of  considerable  utility  for  practical  purposes.  The  substances  are 
arranged  in  the  order  in  which  they  resist  most  the  passage  of  heat  j 
the  warmest  substances,  wliich  are  most  valuable  in  construction, 
being  placed  first."^ 


Conducting 

Conducting 

Name  of  Substance. 

power  referred 

Name  of  Substance. 

power  referred 

to  that  of  slate 

to  that  of  plate 

=  100. 

=  100. 

Plaster  and  Sand  .     . 

18-70 

Bath  Stone      .     .     . 

61-08 

Keene's  Cement  .     . 

1901 

Fire  Brick       .     .     . 

61-70 

Plaster  of  Paris   .     . 

20-26 

PainswickStone(H.P.) 

71-36 

Roman  Cement    .     . 

20-88 

Malm  Brick    .     .     . 

72-92 

Beech  Wood   .     .     . 

22-44 

Portland  Stone     .     . 

7510 

Lathe  and  Plaster     . 

25-55 

Lunelle  Marble    .     . 

75-41 

Fir  Wood  .... 

27-61 

Bolsover  Stone  (H.  P.) 

76-35 

Oak  Wood       .     .     . 

33-66 

Norfal  Stone  (H.  P.) 

95-36 

Asphalt       .... 

45-19 

Slate      

100-00 

Chalk  (soft)     .     .     . 

56-38 

Yorkshire  Flag     .     . 

110-94 

Napoleon  Marble 

58  27 

Lead 

521-34 

Stock  Brick    .     .      . 

60-14 

Certain  vibrations  were  observed  by  Mr.  Trevelyan  to  take  place 
between  metallic  masses  having  different  temperatures,  occasioning 
particular  sounds,  which  appear  to  be  connected  with  the  conducting 
power  of  the  metals. t     Thus,  if  a  heated  curved  Fig.  15. 

bar  of  brass  3,  be  laid  upon  a  cold  support  of 
lead  /,  of  which  the  surface  is  flat,  as  represented 
in  the  figure,  the  brass  bar,  while  communicating 
its  heat  to  the  lead,  is  thrown  into  a  state  of  vi- 
bration, accompanied  with  a  rocking  motion  and 
the  production  of  a  musical  note,  like  that  of  the  glass  harmonicon. 


*  New  Experiments  on  Building  Materials,  by  J.  Hutchinson  :  Taylor  and  Walton. 
The  three  substances  marked  H.  P.  are  the  building  stones  employed  in  the  construc- 
tion of  the  New  Houses  of  Parliament. 

t  Phil.  Mag.  3d  Series,  vol.  iii.  321. 
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The  rocking  motion  of  the  brass  bar,  accidentally  commenced,  appears 
to  be  continued  from  a  repulsion  wliich  exists  betwen  heated  surfaces, 
enhanced  in  tliis  case  by  the  low  conducting  power  of  the  lead, 
which  allows  its  surface  to  be  strongly  heated  by  the  brass.  Pro- 
fessor Eorbes  finds  that  the  most  intense  vibrations  are  produced 
between  the  best  conductors  and  the  worst  conductors  of  heat,  the 
latter  being  the  cold  bodies."^ 

Out  ordinary  conceptions  of  the  actual  temperature  of  dijfferent 
bodies  are  much  affected  by  their  conducting  power.  If  we  apply 
the  hand,  at  the  same  time,  to  a  good  and  to  a  bad  conductor,  such 
as  a  metal  and  a  piece  of  wood,  which  are  exactly  of  the  same  tem- 
perature by  the  thermometer,  the  good  conductor  will  feel  colder  or 
hotter  than  the  other,  from  the  greater  rapidity  with  which  it  conducts 
away  heat  from,  or  communicates  heat  to,  our  body,  according  as 
the  temperature  of  the  metal  and  wood  happens  to  be  above  or 
below  that  of  the  hand  applied  to  them. 

The  diffusion  of  heat  tln-ough  liquids  and  gases  is  effected,  in  a  great 
measure,  by  the  motion  of  their  particles  among  each  other.  Wlien  heat 
is  applied  to  the  lower  part  of  a  mass  of  liquid,  the  heated  portions 
become  lighter  than  the  rest,  and  ascend  rapidly,  conveying  or  carrying 
the  heat  through  the  mass  of  the  fluid.  In  a  glass  flask,  for  instance,  con- 
FxG.  16.  taining  water,  with  wliich  a  small  quantity 

of  any  light  insoluble  powder  has  been 
mixed,  a  circulation  of  the  fluid  may  be 
observed  upon  the  application  of  the  flame 
of  a  lamp  to  the  bottom  of  the  vessel,  the 
heated  liquid  rising  in  the  centre  of  the 
vessel,  and  afterwards  descending  near  its 
sides,  as  represented  in  the  annexed  figure. 
But  when  heat  is  applied  to  the  surface  of  a 
liquid,  this  circulation  does  not  occur,  and 
the  heat  is  propagated  very  imperfectly  down- 
wards. It  has  even  been  doubted  whether 
hquids  conduct  heat  downwards  at  aU,  or, 
indeed,  in  any  other  way  than  by  conveying 
it  as  above  described.  It  can  be  proved, 
however,  that  heat  passes  downwards  in  fluid 
mercury,  and  hence  it  is  probable  that 
all  liquids  possess  a  sHglit  conducting  power  similar  to  that  of 
solids. 

*  Edinb.  Phil.  Trans,  vol.  xii. 
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Fig.  17. 


Let  the  endless  tube  represented  in  tlie 
accompanying  figure  be  supposed  to  be 
entirely  filled  with  water,  and  the  heat 
of  a  fire  be  appUed  to  the  lower  portion 
of  it  at  a,  which  is  twisted  into  a  spiral 
form,  the  water  will  immediately  be  set 
in  motion,  and  made  to  circulate  through 
the  tube,  from  the  expansion  and  ascent 
of  the  portion  in  a,  and  the  whole  of  the 
water  in  the  tube  will  be  brought  in  suc- 
cession to  the  source  of  heat.  The  tube 
may  be  led  into  an  apartment  above  dy 
and  being  twisted  into  another  spiral  at  hy 
a  quantity  of  the  heat  of  the  cu-culating 
water  will  be  discharged  in  proportion  to 
the  extent  of  surface  of  tube  exposed.  Water  of  a  temperature 
considerably  above  212°  is  made  to  circulate  in  this  manner  tln-ough 
a  very  strong  drawn-iron  tube  of  about  one  inch  in  diameter,  for  the 
purpose  of  heating  houses  and  public  buildings.  A  slight  waste  of 
the  water  is  found  to  occur,  so  that  it  is  necessary  to  introduce  a 
small  quantity  every  few  weeks  by  an  opening  and  stopcock  Cy  in  the 
upper  part  of  the  tube.  Tubes  of  larger  calibre,  with  water  circu- 
lating below  the  boihng  point,  are  Hkewise  much  used  for  warming 
large  buildings. 

Air  and  gases  are  very  imperfect  conductors.  Heat  appears  to  be 
propagated  through  them  almost  entirely  by  conveyance,  the  heated 
portions  of  air  becoming  lighter,  and  diffusing  the  heat  through  the 
mass  in  their  ascent,  as  in  liquids.  Hence,  in  heating  an  apartment 
by  hot  air,  the  hot  air  should  always  be  'introduced  at  the  floor  or 
lowest  .part.  The  advantage  of  double  windows  for  warmth  depends 
in  a  great  measure  on  the  sheet  of  air  confined  between  them, 
through  which  heat  is  very  slowly  transmitted.  In  the  fur  of  animals, 
and  in  clothing,  a  quantity  of  air  is  detained  among  the  loose  fibres, 
wliich  materially  enhances  their  non-conducting  property.  In  dry 
air,  the  human  body  can  resist  a  temperature  of  250°  without  incon- 
venience, provided  it  is  not  brought  into  contact  with  good  conductors 
at  the  same  time. 

Radiation  of  Heat. — Heat  is  also  emitted  from  the  surface  of 
bodies  in  the  form  of  rays,  wliich  pass  tlu-ough  a  vacuum,  air,  and 
certain  other  transparent  media,  with  the  velocity  of  light.  It  is  not 
necessary  that  a  body  be  heated  to  a  visible  redness  to  enable  it  to  dis- 
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charge  heat  in  this  manner.  Eays  of  heat,  unaccompanied  by  light, 
continue  to  issue  from  a  hot  body  through  the  whole  process  of  its 
cooling,  till  it  sinks  to  the  actual  temperature  of  the  air  or  surround- 
ing medium.  The  circumstance  that  bodies  suspended  in  a  perfect 
vacuum  cool  rapidly  and  completely,  without  the  intervention  of  con- 
duction, places  the  fact  of  the  dissipation  of  heat  by  radiation,  at 
low  temperatures,  beyond  a  doubt. 

The  most  valuable  observations  which  we  possess  on  this  subject, 
were  pubhshed  by  Sir  John  Leshe,  in  liis  Essay  on  Heat,  in  1804. 
Leshe  proved  that  the  rate  of  cooling  of  a  hot  body  is  more  influenced 
by  the  state  of  its  surface  than  by  the  nature  of  its  substance.  He 
filled  a  bright  tin  globe  with  hot  water,  and  observed  its  rate  of 
cooling  in  a  room  of  which  the  air  was  undisturbed.  A  thermometer 
placed  in  the  water  cooled  haK  way  to  the  temperature  of  the  apart- 
ment in  156  minutes.  Tlie  experiment  was  repeated,  after  covering 
the  globe  with  a  tliin  coating  of  lamp-black.  The  whole  now  cooled 
to  the  same  extent  as  in  the  first  experiment,  in  81  minutes ;  the  ra- 
pidity of  cooling  being  nearly  doubled  merely  by  this  change  of  surface. 

An  experiment  of  Count  Eumford  is  even  more  singular.  Water, 
of  the  same  temperature,  was  allowed  to  cool  in  two  similar  brass 
cylinders,  one  of  which  was  covered  by  a  tight  investiture  of  linen, 
and  the  other  left  naked.  The  covered  vessel  cooled  10°  in  36|- 
minutes,  wliile  the  naked  vessel  required  55  minutes;  or  the  cover- 
ing of  Hnen,  like  the  coating  of  lamp-black,  greatly  expedited  the 
cooling,  instead  of  retarding  the  escape  of  heat,  as  might  be  expected. 
The  cooling  was  accelerated  in  the  same  manner,  when  the  cylinder 
was  coated  with  black  or  wdiite  paint,  or  smoked  by  a  candle. 

In  determining  the  radiating  power  of  different  surfaces,  Leslie 
generally  made  use  of  square  tin  canisters,  of  which  the  surfaces  were 
variously  coated,  and  which  he  filled  with  hot  water.  Instead  of 
watching  the  rate 
of  cooling,  as  in 
the  experiments 
already  mentioned, 
he  presented  the 
side  of  a  canister, 
having  its  surface 
in  any  particular 
condition,  to  a 
concave  metaUic 
mirror,  which  con- 
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Fig.  19. 


centrated  the  heat  falling  upon  it  into  a  focus,  where  the  bulb  of 
an  air  thermometer  was  placed  to  receive  it,  as  represented  in  the 
annexed  figure.  The  differential  thermometer  answered  admirably 
for  this  purpose,  as  from  its  construction  it  is  imaffected  by  the 
temperature  of  the  room,  while  the  sHghtest  change  in  the  tempera- 
ture of  the  focal  spot  is  immediately  indicated  by  it. 

Two  metallic  mirrors  were  occasionally  used  in  conducting  these  expe- 
riments. The  mirrors  being  arranged  so  as  to  face  each  other  (fig.  19), 
^^ith  their  princi- 
pal axes  in  the 
same  line;  when 
a  lighted  lamp  or 
hot  canister  is 
placed  in  the  focus 
of  one  mirror,  the 
incident  rays  are 
reflected  by  that 
mirror  against  the  other,  and  collected  in  its  focus. 

The  following  table  exhibits  the  relative  radiating  power  of  various 
substances  with  which  the  surface  of  the  canister  was  coated,  as 
indicated  by  the  efi'ect  upon  the  difi'erential  thermometer : — 


Lamp-black 

.     100 

Plumbago.    . 

.     75 

Wateftby  estimate   . 

.     100  + 

Tarnished  lead      . 

.     45 

Writing-paper 

.       98 

Clean  lead    . 

.     19 

Sealing-wax     . 

.       95 

Iron,  polished 

.     15 

Crown  glass    . 

.       90 

Tin  plate,  gold,  silver, 

copper     12 

It  thus  appears  that  lamp  black  radiates  five  times  more  of  the 
heat  of  boiling  water  than  clean  lead,  and  eight  times  more  than 
bright  tin.  The  metals  have  the  lowest  radiating  power,  which 
arises  from  their  brightness  and  smoothness.  If  allowed  to  tarnish, 
their  radiating  power  is  greatly  increased.  Thus  the  radiating  power 
of  lead  mth  its  surface  tarnished  is  45,  and  with  its  surface  bright, 
only  19 ;  but  glass  and  porcelain  radiate  most  powerfully,  although 
their  surface  is  smooth.  When  the  actual  radiating  surface  is 
metallic,  it  is  not  affected  in  a  sensible  manner  by  the  substance 
under  it.  Thus,  glass  covered  with  gold  leaf  possesses  the  radiating 
power  of  a  bright  metal. 

It  is  placed  beyond  doubt,  by  the  recent  experiments  of  Dr.  Bache, 
that  the  radiating  power  of  any  surface  is  not  affected  by  its  colour, 
at  least  in  an  appreciable  degree.  Hence,  no  particular  colour  of 
clothes  can  be  reconmiended  for  superior  warmth  in  winter.     But 
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the  absorbent  powers  of  bodies  for  the  heat  of  the  sun  depend 
entirely  uj)on  their  colour."^ 

The  faculty  which  different  surfaces  possess  of  absorbing  or  of 
reflecting  heat  radiated  against  them_,  is  connected  with  their  own 
radiating  power.  Those  surfaces  which  radiate  heat  freely,  such  as 
lamp-black,  glass,  &c.,  also  absorb  a  large  proportion  of  the  heat 
falling  upon  them,  and  reflect  little  of  it ;  while  surfaces  which  have 
a  feeble  radiating  and  absorbing  faculty,  such  as  the  bright  metals, 
reflect  a  large  proportion,  as  they  absorb  little,  and  form  the  most 
powerful  reflectors.  So  that  the  good  absorbents  are  found  at  the 
top,  and  the  good  reflectors  at  the  bottom  of  the  preceding  table. 
The  efliciency  of  a  reflector  depending  upon  its  low  absorbing  power, 
reflectors  of  glass  are  totally  useless  in  conducting  experiments  upon 
radiant  heat.  Metallic  reflectors  remain  cold,  although  they  collect 
much  heat  in  their  foci. 

These  laws  of  the  radiation  of  heat  admit  of  some  practical  appli- 
cations. If  we  wish  to  retard,  as  much  as  possible,  the  cooling  of  a 
hot  fluid  or  other  substance,  in  what  sort  of  vessel  should  we  inclose 
it  ?  In  a  metallic  vessel,  of  which  the  surface  is  not  dull  and  sooty, 
but  clean  and  higlily  polished ;  for  it  has  been  observed,  that  hot 
water  cools  twice  as  fast  in  a  tin  globe  of  which  the  surface  is 
covered  with  a  thin  coating  of  lamp-black,  as  in  the  same  globe  when 
the  surface  is  bright  and  clean.  Hence  the  advantage  of  bright 
metallic  covers  at  table,  and  the  superiority  of  metalhc  tea-pots  over 
those  of  porcelain  and  stoneware. 

TRANSMISSION  OF  RADIANT  HEAT  THROUGH  MEDIA,  AND  THE 
EFFECT  OF  SCREENS. 

It  has  been  shewn  by  Dulong  and  Petit,  that  hot  bodies  ra- 
diate equally  in  all  gases,  or  exactly  as  they  radiate  in  a  vacuum.  Hot 
bodies  certainly  cool  more  rapidly  in  some  gases  than  in  others ;  but 
this  is  owing  to  the  mobility  and  conducting  powers  of  the  gases 
being  different. 

Light  of  every  colour,  and  from  every  source,  is  equally  trans- 
mitted by  all  transparent  bodies  in  the  liquid  or  sohd  form ;  but  this 
is  not  true  of  heat.  The  heat  ©f  the  sun  passes  through  any  trans- 
parent body  without  loss ;  but  of  heat  from  terrestrial  sources,  a  cer- 
tain variable  proportion  only  is  allowed  to  pass,  which  increases  as 

*  Journal  of  the  Franklin  Institute,  May  and  November,  1835. 
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the  temperature  of  the  radiant  body  is  elevated.  Thus,  it  was 
observed  by  Delaroche  that,  from  a  body  heated  to  182°,  only  1-4 0th 
of  all  the  heat  emitted  passed  through  a  glass  screen  :  from  a  body 
at  346°,  l-16th  of  the  whole;  and  from  a  body  at  960°,  so  large  a 
proportion  as  l-4tli  appeared  to  pass  through  a  glass  screen.  M. 
Melloni  has,  witliin  the  last  few  years,  greatly  extended  our  know- 
ledge respecting  the  transmission  of  heat  through  media,  in  a  series 
of  the  most  profound  researches."^  In  liis  experiments,  he  made  use 
of  the  thermo-electric  pile  to  detect  changes  of  temperature;  an 
instrument  which,  in  his  hands,  exliibited  a  sensibihty  to  the  impres- 
sions of  heat  vastly  greater  than  that  of  the  most  delicate  mercurial 
or  air  thermometer. 

His   instrument,   or   the  thermo-multipKer  (fig.  20),  consists  of 
>n   arrangement    of  thirty   pairs    of  bismuth   and  antimony   bars 

Fig.  20. 


contained  in  a  brass  cylinder,  t,  and  having  the  wires  from  its 
poles  connected  with  an  extremely  deHcate  magnetic  galvanometer,  n. 
The  extremities  of  the  bars  at  b  being  exposed  to  any  source  of  radiant 
heat,  such  as  the  copper  cylinder  d,  heated  by  the  lamp  /,  wliile  the 
temperature  of  the  other  extremities  of  the  bars  at  c  is  not  changed, 
an  electric  current  passes  through  the  wires  from  the  poles  of  the 
pile,  and  causes  the  magnetic  needle  of  the  galvanometer  to  deflect. 
The  force  of  the  electric  current  increases  in  proportion  to  the  differ- 
ence of  the  temperatures  of  the  two  ends,  b  and  c,  that  is,  in  propor- 
tion to  the  quantity  of  heat  falling  upon  b ;  and  the  effect  of  tliis 
current  upon  the  needle,  or  the  deviation  produced,  is  proportional  to 
the  force  of  the  current,  and  consequently  to  the  heat  itself;  at  least. 


*  The  complete  series  of  Melloni's  Memoirs  is  given    in  Taylor's   Scientific 
Memoirs,  Vols.  I.  and  II. 
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Melloni  finds  tliis  correspondence  to  be  exact  tlirougli  the  whole  arc, 
from  zero  to  20°,  when  the  needle  is  truly  astatic. 

Melloni  proved  that  heat,  which  has  passed  through  one  plate  of 
glass,  becomes  less  subject  to  absorption  in  passing  through  a  second. 
Thus,  of  1000  rays  of  heat  from  an  oil  flame,  451  rays  being  inter- 
cepted in  passing  through  four  plates  of  glass  of  equal  thickness — 

381  rays  were  intercepted  by  the  first  plate. 
43  "  "  by  the  second. 

18  "  "  by  the  third. 

9  "  **  by  the  fourth, 

451 

The  rays  appear  to  lose  considerably  when  they  enter  the  first  layers 
of  a  transparent  medium ;  but  that  portion  of  heat,  ^^^liich  has  forced 
its  passage  tlirough  the  first  layers,  may  penetrate  to  a  great  depth. 
Transparent  liquids  are  found  to  be  less  penetrable  to  radiant  heat 
than  soHds. 

The  capacity  which  bodies  possess  of  transmitting  heat  does  not 
depend  upon  their  transparency ;  or  bodies  are  not  at  all  transparejit 
to  heat  in  the  same  proportion  that  they  are  transparent  to  Hght. 
Thus,  plates  of  the  following  transparent  minerals,  having  a  common 
thickness  of  0-1031  of  an  inch,  allowed  very  different  proportions  of 
the  heat  from  the  flame  of  an  argand  oil-lamp  to  pass  tlirough  them. 

Of  100  incident  rays  there  were  transmitted : — 

By  Rock-salt 92  rays. 

Mirror  glass .  62  " 

Rock-crystal 62  " 

Iceland  spar     .         .         .         .         .          .         .  62  " 

Rock-crystal,  smoky  and  brown          .          .         .  57  " 

Carbonate  of  lead      .         .         .         .         .          .  52  " 

Sulphate  of  barytes 33  " 

Emerald 29  " 

Gypsum 20  " 

Fluor  spar 15  •' 

Citric  acid         .         ,         .         .         .         .         .  15  " 

Rochelle  salt 12  " 

Alum 12  " 

Sulphate  of  copper    .         .         .         .         .         .  0  " 

A  piece  of  smoky  rock-crystal,  so  brown  that  the  traces  of  letters 
on  a  printed  page  covered  by  it  could  not  be  seen,  and  which  was 
fifty-eight  times  thicker  than  a  transparent  plate  of  alum,  transmitted 
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19  rays,  wliile  the  alum  trausmitted  only  6.  One  substance,  wliich 
is  perfectly  opaque,  a  kind  of  black  glass  used  for  the  polarization  of 
Hght  by  reflection,  was  found  by  Melloni  to  allow  a  considerable 
quantity  of  rays  of  heat  to  pass  tlu*ough  it.  He  applied  the  term 
diathermanous  to  bodies  which  transmit  heat,  as  diaphanous  is 
appHed  to  bodies  which  transmit  Hght.  Of  all  diaphanous  or  trans- 
parent bodies,  water  is  in  the  least  degree  diathermanous.  With  the 
exception  of  the  opaque  glass  referred  to  above,  all  diathermanous 
bodies  belong  also  to  the  class  of  diaphanous  bodies ;  for  those  kinds 
of  metal,  wood  and  marble,  which  totally  obstruct  the  passage  of  Hght, 
obstruct  that  of  heat  also. 

The  proportion  of  heat  from  various  sources  which  radiates  through 
a  plate  of  glass  1-5 0th  of  an  inch  in  thickness,  was  observed  by 
Melloni  to  be  as  foHows  : — 


Of  100  rays 

Transmitted. 

Absorbed. 

From  the  flame  of  an  oil-lamp  there  were 

.     54 

46 

"     red  hot  platinum 

.     37 

63 

"     blackened  copper,  heated  to  732°  F. 

.     12 

8& 

.      '«                212° 

.       0 

100 

But  the  power  of  transmission  of  rock-salt  is  the  same  for  heat 
from  aU  these  sources,  or  for  heat  of  all  intensities ;  92  per  cent,  of 
the  incident  heat  being  transmitted  by  that  body,  whether  it  be  the 
heat  radiated  from  the  hand  or  from  a  bright  argand  lamp.  Eock- 
salt  stands  alone  in  tliis  respect  among  diathermanous  bodies.  This 
substance  may  be  cut  into  lenses  or  prisms,  and  be  used  in  concen- 
trating heat  of  the  very  lowest  intensity,  or  in  decomposing  it  by 
double  refraction,  in  the  same  manner  as  glass  is  employed  with  the 
light  of  the  sun.  Indeed,  rock-salt  has  become  quite  invaluable  in 
researches  upon  the  transmission  of  heat. 

It  thus  appears  that  a  body  at  different  temperatures  emits  different 
species  of  rays  of  heat,  which  may  be  sifted  or  separated  from  each 
other  by  passing  them  through  certain  transparent  media.  They  are 
all  emitted  simultaneously,  and  in  different  proportions,  by  flame ;  but 
in  heat  from  sources  of  lower  intensity  some  of  them  are  always 
absent.  The  calorific  rays  of  the  sun  are  chiefly  of  the  kind  which 
passes  through  glass ;  but  MeUoni  sliows  that  the  other  species  are 
not  altogether  wanting.  The  rays  of  heat  emitted  by  the  sun  and 
other  luminous  bodies  are  quite  different  rays  from  the  rays  of  Hght 
with  which  they  are  accompanied. 
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Of  the  equilihriinn  of  temperature. — When  several  bodies  of 
various  temperatures^  some  cold  and  some  hot,  are  placed  near  each 
other,  their  temperatures  gradually  approximate,  and,  after  a  certain 
period  has  elapsed,  they  are  found  all  to  be  of  one  and  the  same 
temperature.  To  account  for  the  production  and  continuation  of 
this  equilibrium  of  temperature,  it  is  necessary  to  assume  that  all 
bodies  are  at  all  times  radiating  heat  in  great  abundance  in  aU  direc- 
tions, although  their  temperature  does  not  exceed  or  even  falls  below 
the  temperature  of  the  atmosphere.  Hence,  there  is  an  incessant 
interchange  of  heat  between  neighbouring  bodies;  and  a  general 
equalization  of  temperature  is  produced  when  every  object  receives  as 
much  radiated  heat  as  it  emits. 

This  theory,  which  was  first  proposed  by  Prevost,  of  Geneva,  enables 
us  to  account  for  the  apparent  radiation  of  cold.  Cold,  we  know,  is 
a  negative  quality,  being  merely  the  absence  of  heat,  and  cannot 
therefore  be  radiated.  Yet,  when  a  lump  of  ice  is  placed  in  the  focus 
of  a  reflecting  mirror,  a  thermometer  in  the  focus  of  the  opposite 
conjugate  mirror  is  chilled.  To  account  for  tliis  plienomenon  we 
must  remember  that  the  temperature  of  the  thermometer  is  stationary 
only  so  long  as  it  receives  as  much  heat  as  it  radiates.  It  is  in  that 
state  before  the  experiment  is  made  mth  the  ice ;  for  the  air  or  any 
object  which  may  happen  to  be  in  the  other  focus  is  of  the  same 
temperature  as  the  ball  of  the  thermometer.  But  it  is  evident  that 
the  moment  ice  is  introduced  into  one  focus  less  heat  wiU  be  sent 
from  that  to  the  other  focus  than  was  previously  transmitted,  and 
than  is  necessary  to  sustain  the  thermometer  at  a  constant  temperature. 
The  thermometer  ball,  therefore,  giving  out  as  much  heat  as  formerly, 
and  receiving  less  in  return,  must  fall  in  temperature.  Tins  is  an 
experiment  in  wliich  the  thermometer  ball  is  in  fact  the  hot  body. 

The  doctrine  of  the  radiation  of  heat  is  happily  apphed  to  account 
for  the  deposition  of  dew.  A  considerable  refrigeration  of  the  surface 
of  the  ground  below  the  temperature  of  the  air  resting  upon  it, 
amounting  to  10  or  20  degrees,  occurs  every  calm  and  clear  night, 
and  is  caused  by  the  radiation  of  heat  from  the  earth  (wliich  is  a  good 
radiator)  into  empty  space.  Now,  on  becoming  colder  than  the  air 
above  it,  the  ground  will  condense  the  moisture  of  the  air  in  contact 
with  it,  and  be  covered  with  dew.  Tor  the  air,  however  clear,  is 
never  destitute  of  watery  vapour,  and  the  quantity  of  vapour  which 
air  can  retain  depends  upon  its  temperature;  air  at  52°,  for  instance, 
being  ca])able  of  retaining  l-86th  of  its  volume  of  vapour,  wliile  at 
32°  it  can  retain  no  more  than  1-1 5  0th  of  its  volume.     The  greatest 
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difference  between  the  temperature  of  the  day  and  night  in  this 
country  takes  place  in  spring  and  autumn,  and  these  are  the  seasons 
in  which  the  most  abundant  dews  are  deposited. 

That  the  deposition  of  dew  depends  entirely  upon  radiation  is  fully 
established  by  the  following  circumstances  : — 1.  It  is  on  clear  and 
cahn  nights  only  that  dew  is  observed  to  fall.  When  the  sky  is 
overcast  with  clouds,  no  dew  is  formed ;  for  then  the  heat  wliich 
radiates  from  the  earth  is  returned  by  the  clouds  above,  and  prevented 
from  escaping  into  space ;  so  that  the  ground  never  becomes  colder 
than  the  air.  2.  The  sHghtest  screen,  such  as  a  thin  cambric  hand- 
kerchief, stretched  between  pins,  at  the  height  of  several  inches  above 
the  ground,  is  sufficient  to  protect  the  objects  below  it  from  tliis 
chilling  effect  of  radiation,  and  to  prevent  the  formation  of  dew  or  of 
hoar-frost  upon  them.  This  fact  was  well  known  to  gardeners,  and 
they  had  long  availed  themselves  of  it  in  protecting  their  tender 
plants  from  frost,  before  the  laws  of  the  radiation  of  heat  came  to  be 
explained.  3.  Dr.  Wells  proved  by  numerous  experiments  that  the 
quantity  of  dew  which  condenses  on  different  objects  exposed  in  the 
same  circumstances  is  proportional  to  the  radiating  power  of  those 
substances.  Thus,  when  a  pohshed  plate  of  metal  and  a  quantity  of 
wool  are  exposed  together  in  favourable  circumstances,  scarcely  a 
trace  of  dew  is  to  be  observed  on  the  metal,  while  a  large  quantity 
condenses  in  the  wool,  the  latter  substance  being  incomparably  the 
best  radiator,  and  therefore  falling  to  a  much  lower  temperature  than 
the  metal. 

The  same  theory  has  been  applied  to  explain  a  process  for  making 
ice  followed  by  the  Indian  natives  near  Calcutta.  In  that  climate  the 
temperature  of  the  air  rarely  falls  below  40°  in  the  coldest  nights ; 
but  the  sky  is  clear,  and  a  powerful  radiation  takes  place  from  the 
surface  of  the  ground.  Hence,  water  contained  in  shallow  pans 
imbedded  in  straw  is  often  sheeted  over  with  ice  by  a  night's  expo- 
sure. The  water  is  certainly  cooled  by  radiation  from  its  surface,  and 
not  by  evaporation ;  for  the  process  succeeds  best  when  the  pans  are 
placed  in  shallow  trenches  dug  in  the  ground,  an  arrangement  wliich 
retards  evaporation;  and  no  ice  forms  in  windy  weather,  when 
evaporation  is  greatest. 

The  morning  frosts  of  autumn  are  first  felt  in  sequestered  situa- 
tions, as  in  ravines  closed  on  all  sides,  or  along  the  low  courses  of 
rivers,  where  the  cooHng  of  the  earth's  surface  by  radiation  is  in  the 
least  degree  checked  by  the  movement  of  the  air  over  it.     These  are 
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also  tlie  very  situations  upon  which  the  sun's  rays  produce  the  greatest 
effect  in  summer. 

Reverting  again  to  the  subject  of  conduction  of  heat  tlirough  soKd . 
bodies^  it  may  now  be  stated,  that  there  is  every  reason  to  beheve 
that  heat  is  propagated,  even  in  that  case,  in  a  manner  not  unlike 
radiation.  Heat,  in  its  passage  tlu'ough  a  bar  of  iron,  is  probably 
radiated  from  particle  to  particle;  for  the  material  atoms,  of  which 
the  bar  consists,  are  not  supposed  to  be  in  absolute  contact,  although 
held  near  each  other  by  a  strong  attraction.  Radiation,  as  observed 
in  air  or  a  vacumn,  may  thus  pass  into  conduction  in  solids,  without 
any  breach  of  continuity  in  the  natural  law  to  wliicli  heat  in  motion 
is  subject.  Baron  Fourier  proceeds  upon  such  an  hypothesis  in  his 
mathematical  investigation  of  the  law  of  cooling  by  conduction  in 
soHd  bodies.^ 

We  are  now  in  a  condition  to  advert  with  advantage  to  the  equili- 
brium of  the  temperature  of  the  earth.  Tliere  can  be  no  doubt  of 
the  existence,  in  this  globe  of  ours,  of  a  central  heat.  At  a  depth 
under  the  surface  of  the  earth,  not  in  general  exceeding  twenty  feet, 
the  thermometer  is  perfectly  stationary,  not  being  affected  by  the 
change  of  the  seasons ;  but  at  greater  depths  the  temperature  pro- 
gressively rises.  M.  Cordier,  to  whom  we  are  indebted  for  a  most 
profound  investigation  of  tins  interesting  subject,  considers  the  two 
conclusions  to  be  estabhshed  by  all  the  observations  on  temperature 
which  have  been  made  at  considerable  depths.  1st.  That  below  the 
stratum  where  the  annual  variations  of  the  solar  heat  cease  to  be 
sensible,  a  notable  increase  of  temperature  takes  place  as  we  descend 
into  the  interior  of  the  earth.  2dly.  That  a  certain  irregularity  must 
be  admitted  in  the  distribution  of  the  subterraneous  heat,  wliich 
occasions  the  progressive  increase  of  temperature  to  vary  at  different 
places.  Fifteen  yards  has  been  provisionally  assumed  as  the  average 
depth  wliich  corresponds  to  an  increase  of  one  degree  Fahrenheit. 
This  is  about  116  degrees  for  each  mile.  Admitting  tins  rate  of 
increase,  we  have  at  a  depth  of  30|-  miles  below  the  surface  a  tem- 
perature of  3500°,  wliich  would  melt  cast  iron,  and  which  is  amply 
sufficient  to  melt  the  lavas,  basalts,  and  other  rocks,  which  have 
actually  been  erupted  from  below  in  a  fluid  state.  Eut  this  central 
heat  has  long  ceased  to  affect  the  surface  of  the  earth.     Fourier 

*  See  a  report  by  Professor  Kelland,  On  the  present  state  of  our  Theoretical  and 
Experimental  Knowledge  of  the  Laws  of  the  Conduction  of  Heat,  in  the  Reports  of 
the  British  Association  for  the  Advancement  of  Science,  for  1841,  p.  I. 
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demonstrates^  from  the  luws  of  conduction,  that  although  tl\e  crust 
of  the  globe  were  of  cast  U'on,  heat  would  require  myriads  of 
years  to  be  transmitted  to  the  surface  from  a  depth  of  150  miles. 
But  the  crust  of  the  globe  is  actually  composed  of  materials 
greatly  inferior  to  cast  iron  in  conducting  power.  The  tempera- 
ture of  the  surface  of  the  globe  now  depends  upon  the  amount  of 
heat  which  it  receives  from  the  sun,  compared  with  the  heat  radiated 
away  from  its  surface  into  free  space.  There  is  reason  to  beheve 
that  no  material  change  has  occurred  in  the  quantity  of  heat  received 
from  the  sun  during  the  liistorical  epoch.  The  radiation  from  the 
surface  of  the  earth  has  its  limit  in  the  temperature  of  the  planetary 
space  in  which  it  moves,  which  Fourier  deduces,  from  calculation,  to 
He  between  — 58°  and  — 76°,  and  which  Schwanberg,  from  a  calcu- 
lation on  totally  different  principles,  estimates  at  — 5  8°.  6;  a  close 
coincidence.  This  low  temperature  appears  to  be  attained  in  the  long 
absence  of  tlie  sun  during  a  polar  winter,  as  Captain  Parry  found  the 
thermometer  to  fall  so  low  as — 55°  or  — 56°  at  Melville  Island; 
and  Captain  Back  has  recorded  a  temperature  observed  on  the  North 
American  continent  so  low  as  — 70°.. 

FLUIDITY  AS  AN  EFFECT  OF  HEAT. 

One  of  the  general  effects  of  heat  upon  bodies  has  already  been 
adverted  to,  namely  its  power  of  causing  them  to  expand,  which 
demanded  pur  earliest  attention,  as  it  involves  the  principle  of  the 
thermometer.  But  heat,  besides  effecting  changes  in  the  bulk,  is 
capable  of  effecting  changes  in  the  condition  of  bodies.  Matter  is 
presented  to  us  in  three  very  dissimilar  conditions,  or  forms,  namely, 
in  the  solid,  liquid,  and  gaseous  forms.  It  is  believed  that  no  body 
is  restricted  to  any  of  these  forms,  but  that  the  state  of  bodies  depends 
entirely  upon  the  temperature  in  which  they  are  placed.  In  the 
lowest  temperatures,  they  are  all  solid,  in  higher  temperatures  they 
are  converted  into  liquids,  and  in  the  liighest  of  aU  they  become 
elastic  gases.  The  particular  temperatures  at  which  bodies  undergo 
these  changes  are  exceedingly  various,  but  they  are  always  constant 
for  the  same  body.  The  first  effect,  then,  of  heat  on  the  state  of  bodies 
is  the  conversion  of  solids  into  liquids;  or  heat  is  the  cause  of 
fluidity. 

Some  substances,  in  liquefying,  pass  through  an  intermediate  con- 
dition, in  which  it  is  difficult  to  say  whether  they  are  Hquids  or  sohds. 
Thus'  tallow,  wax,  and  several  other  bodies,  pass  through  every  pos- 
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sible  degi-ee  of  softness  before  they  attain  complete  fluidity.  Such 
bodiesj  however^  are  in  general  mixtures  of  two  or  more  substances, 
which  crystaUize  imperfectly.  But  ice,  and  the  great  majority  of 
bodies,  pass  immediately  from  the  solid  into  the  hquid  state.  The 
temperatures  at  wliich  bodies  undergo  tliis  change  are  exceedingly 


various. 

Melts  at 

Melts  at 

Lead         ....     612° 

Olive  oil     . 

.     36° 

Bismuth 

476 

Ice    .          .         . 

.     32 

Tin 

442 

Milk 

.     30 

Sulphur 

232 

Wines 

.     20 

Wax 

142 

Oil  of  turpentine 

.     14 

Spermaceti 

112 

Mercury 

—39 

Phosphorus 

.     108 

Liquid  ammonia 

—46 

Tallow       . 

92 

Ether 

—46 

Oil  of  anise 

50 

If  the  bodies  are  in  the  fluid  form,  they  freeze  upon  being  cooled 
below  the  temperatures  set  against  them. 

It  may  be  added,  in  reference  to  this  table,  first,  that  in  certain 
circumstances  liquids  can  be  cooled  down  several  degrees  below  their 
usual  freezing  point  before  they  begin  to  congeal.  Thus  we  may 
succeed,  by  taking  certain  precautions,  in  cooling  a  small  quantity  of 
water,  in  a  glass  tube,  so  low  as  the  temperature  8°,  or  even  as  5°, 
without  its  freezing;  that  is,  24  or  27  degrees  under  its  proper 
freezing  point  32°.  The  water  must  be  cooled  without  the  sHghtest 
agitation,  and  no  sand  or  angular  body  be  in  contact  with  it ;  for 
the  instant  any  soHd  body  is  dropped  into  water  cooled  below  its 
freezing  point,  or  a  tremor  is  communicated  to  it,  congelation  com- 
mences, and  the  temperature  of  the  liquid  starts  up  to  32°.  But, 
on  the  other  hand,  we  cannot  heat  a  soKd  the  smallest  fraction  of  a 
degree  above  its  proper  melting  point,  without  occasioning  liquefac- 
tion. Hence  it  is  not  the  freezing  of  water,  but  the  melting  of  ice, 
which  takes  place  with  rigorous  constancy  at  32°  Eahrenheit. 

All  salts  dissolved  in  water  have  the  effect  of  lowering  the  freezing 
temperature  of  that  liquid.  Common  culinary  salt  appears  to 
depress  tliis  point  lower  than  any  other  saline  body ;  and  the  effect 
appears  to  be  closely  proportional  to  the  quantity  of  salt  in  solution. 
A  solution  of  1  part  of  salt  in  4  of  water  freezes  at  4°;  and  sea-water, 
which  contains  l-30th  of  its  weight  of  salt,  freezes  at  28°. 

But  the  principal  fact  to  be  adverted  to  in  hquefaction  is  the  dis- 
appearance of  a  large  quantity  of  heat  during  the  change.     Heat 
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pours  into  a  body  during  its  melting,  without  raising  its  temperature 
in  the  most  minute  degree.  Tliis  heat,  which  enters  the  body  and 
becomes  insensible  or  latent,  serves  merely  to  melt  the  body.  We 
are  indebted  to  Dr.  Black  for  tliis  observation,  wliich  involves  con- 
sequences of  greater  importance  than  any  other  announcement  in  the 
theory  of  heat. 

Before  Dr.  Black's  views  were  made  known,  fluidity  was  considered 
as  produced  by  a  very  small  addition  to  the  quantity  of  heat  which  a 
body  contains,  when  it  is  once  heated  up  to  its  melting  point.  But 
if  we  attend  to  the  manner  in  which  ice  and  snow  melt,  when 
exposed  to  the  air  of  a  warm  room,  we  can  perceive  that,  however 
cold  they  may  be  at  first,  they  are  soon  heated  up  to  their  melting 
point,  and  begin  at  their  surface  to  be  changed  into  water.  Now,  if 
the  complete  change  of  these  bodies  into  water  required  oidy  the 
farther  addition  of  a  very  small  quantity  of  heat,  a  mass  of  them, 
though  of  considerable  size,  ought  all  to  be  melted  in  a  few  minutes 
or  seconds  more,  the  heat  continuing  to  be  communicated  from  the 
air  around.  But  masses  of  ice  and  snow  melt  with  extreme  slow- 
ness, especially  if  they  be  of  a  large  size,  as  are  those  collections  of 
ice  and  wreaths  of  snow  that  are  formed  in  some  places  during 
winter.  These,  after  they  begin  to  melt,  often  require  many  weeks 
of  warm  weather,  before  they  are  totally  dissolved  into  water.  The 
slow  manner  in  wliich  ice  melts  in  ice-houses  is  also  famiharly 
known. 

By  examining  what  happens  in  these  cases,  it  may  easily  be  per- 
ceived that  a  very  great  quantity  of  heat  must  enter  the  melting  ice,  to 
fonn  the  water  into  which  it  is  changed,  and  that  the  length  of  time 
necessary  for  the  collection  of  so  much  heat  from  surrounding  bodies 
is  the  reason  of  the  slowness  with  which  the  ice  is  Hquefied.  When 
melting  ice  is  suspended  in  warm  air,  the  entrance  of  heat  into  it  is 
made  sensible  by  a  stream  of  cold  air  descending  constantly  from  the 
ice,  which  may  be  perceived  by  the  hand.  It  is,  therefore,  evident 
that  the  melting  ice  receives  heat  very  fast ;  but  the  only  effect  of 
this  heat  is  to  change  it  into  water,  which  is  not  in  the  least 
sensibly  warmer  than  the  ice  was  before.  A  thermometer  apphed  to 
the  drops  or  small  streams  of  water  as  they  come  immediately  from 
the  melting  ice,  will  point  to  the  same  degree  as  when  apphed  to 
the  ice  itself.  A  great  quantity  of  the  heat,  therefore,  wliich  enters 
into  the  melting  ice,  has  no  other  effect  than  that  of  giving  it 
fluidity.  The  heat  appears  to  be  absorbed  or  concealed  within  the 
water,  and  cannot  be  detected  by  the  thermometer. 
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When  ice  is  melted  by  means  of  warm  water,  tliis  absorption  of 
heat  is  made  exceedingly  obvious.  Thus,  on  mixing  a  pound  of 
water  at  172°  with  a  pound  of  snow  at  32°  the  snow  is  all  melted, 
and  the  mixture  is  two  pounds  of  water  of  the  temperature  of  32°. 
In  being  cooled  down  from  172°  to  32°,  the  hot  water  loses  140 
degrees  of  heat,  which  convert  the  snow  into  water,  indeed,  but  pro- 
duce no  rise  of  temperature  in  the  mixture  above  the  32  degrees 
originally  possessed  by  the  snow. 

Dr.  Black  proved  that  the  heat  which  disappears  in  tliis  manner  is 
not  extinguished  or  destroyed,  but  remains  latent  in  the  water  so 
long  as  it  is  fluid,  and  is  extricated  again  when  it  freezes. 

In  water  that  has  been  cooled  below  its  usual  freezing  point,  when 
the  congelation  is  once  determined,  quantities  of  icy  spicule  are  pro- 
duced in  proportion  to  the  depression  of  temperature,  wliilst  at  the 
same  instant  the  temperature  of  ice  and  water  starts  up  to  32°.  The 
heat  which  thus  appears  was  previously  latent  in  that  portion  of  the 
water  which  is  frozen.  The  same  disengagement  of  latent  heat  may 
be  conveniently  illustrated  by  means  of  a  supersaturated  solution  of 
sulphate  of  soda,  formed  by  dissolving,  at  a  high  temperature,  three 
pounds  of  the  salt  in  two  pounds  of  water.  When  tliis  liquid  is  allo\^^ed 
to  cool  undisturbed,  and  mth  a  stratum  of  oil  on  its  surface,  it  remains 
fluid,  although  containing  a  much  greater  quantity  of  salt  in  solution 
than  the  water  could  dissolve  at  the  temperature  to  wliicli  it  has 
fallen.  But  the  suspended  congelation  of  the  salt  being  determined 
by  the  introduction  of  any  solid  substance  into  the  solution,  the 
temperature  then  often  rises  30  and  even  40  degrees,  while  crystals 
of  sulphate  of  soda  shoot  rapidly  through  the  liquid. 

Wax,  tallow,  sulphur,  and  aU  other  sohd  bodies,  are  melted  in  the 
same  manner  as  water,  by  the  assumption  of  a  certain  dose  of  heat. 
The  latent  heat  which  the  following  substances  possess  in  the  fluid 
form  was,  with  the  exception  of  water,  determined  by  Dr.  Irvine. 


Water 

Sulphur 

Lead 

Bees' -wax 

Zinc 

Tin 

Bismuth 


Latent  heat. 
142  degrees.'' 
145 
162 
175 
49.3 
500 
550        " 


De  la  Provostaye  and  Regnault,  Annales  dc  Chimie,  &c.  3  scr,  t.  8,  p.  1. 
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Even  in  the  solid  form  certain  bodies  admit  of  a  variation  in  their 
structure  and  properties  from  the  assumption  or  loss  of  latent  heat. 
Dr.  Black  made  it  appear  probable  that  metals  owe  their  malleabiHty 
and  ductility  to  a  quantity  of  latent  heat  combined  with  them. 
When  hammered  they  become  hot  from  the  disengagement  of  this 
heat,  and  at  the  same  time  become  brittle.  Their  malleability  is 
restored  by  heating  them  again  in  a  furnace.  Sugar,  it  is  well 
known,  may  exist  as  a  transparent  and  colourless  body,  with  the 
physical  properties  of  glass,  or  as  a  white  and  opaque,  because  a 
granular  or  crystalline  mass.  The  transition  from  the  glassy  to  the 
granular  state  is  attended  by  a  very  remarkable  evolution  of  heat, 
which  appears  to  have  escaped  the  notice  of  scientific  men.  If 
melted  sugar  be  allowed  to  cool  to  about  100°,  and  then,  while  it  is 
still  soft  and  viscid,  be  rapidly  and  frequently  extended  and  doubled 
up,  till  at  last  it  consists  of  tlu*eads,  as  in  drawn  sugar,  the  tempera- 
ture of  the  mass  quickly  rises  so  as  to  become  insupportable  to  the 
hand.  After  this  liberation  of  heat,  the  sugar  on  again  cooling  is 
no  longer  a  glass,  but  consists  of  minute  crystalline  grains,  and  has  a 
pearly  lustre.  The  same  change  may  occur  in  a  gradual  manner,  as 
when  a  clear  stick  of  barley-sugar  becomes  wliite  and  opaque  in  the 
atmosphere ;  but  then  we  have  no  means  of  observing  the  escape  of 
the  latent  heat  on  which  the  change  depends.  It  may  be  inferred  that 
glass  itself,  like  transparent  barley-sugar,  owes  its  peculiar  constitution 
and  properties  to  the  permanent  retention  of  a  certain  quantity  of 
latent  heat.  Of  this  heat  glass  can  be  deprived  by  keeping  it  long 
in  a  soft  state ;  it  then  becomes  granular,  and,  passing  into  the  con- 
dition of  Eeaumur's  porcelain,  loses  all  the  characters  of  glass. 

It  is  not  unlikely  that  the  dimorphism  of  a  body,  or  its  property 
to  assume  two  different  crystalline  forms,  may  likewise  depend  upon 
the  retention  of  a  certain  quantity  of  latent  heat  by  the  body  in  the 
one  form,  and  not  in  the  other.  Thus,  sulphur  assumes  two  forms, 
one  on  cooKng  from  a  state  of  fusion  by  heat,  another  in  crystal- 
bzing  at  a  lower  temperature,  and  probably  with  the  retention  of  less 
latent  heat,  from  a  solution  of  sulphuret  of  carbon.  In  charcoal 
and  plumbago,  again,  we  have  carbon  wliich  has  assumed  the  solid 
form  at  a  high  temperature,  and  possibly  with  the  fixation  of  a  quan- 
tity of  latent  heat  which  does  not  exist  in  the  diamond,  another  form 
of  the  same  body. 

When  a  solid  body  is  melted  by  the  intervention  of  some  affinity, 
without  heat  being  applied  to  it,  cold  is  generally  produced.  Thus, 
most  salts  occasion  a  reduction  of  temperature,  in  the  act  of  dissolv- 
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ing  in  water,  wliich  requires  tliem  to  become  fluid;  Nitre,,  for 
instance,  cools  the  water  in  wliicli  it  is  dissolved  15  or  18  degrees. 
A  mixture  of  five  parts  of  sal  ammoniac  and  five  of  nitre,  both  finely 
powdered,  dissolved  in  nineteen  parts  of  water,  may  reduce  its  tem- 
perature from  50°  to  10°,  or  considerably  below  the  freezing  point  of 
pure  water.  These  salts  are  necessitated,  by  their  afiinity  for  water, 
to  dissolve  when  mixed  with,  it,  and  to  become  fluid,  a  change  which 
imphes  the  assumption  of  latent  heat.  Most  of  our  artificial  pro- 
cesses for  producing  cold  are  founded  upon  tliis  disappearance  of  heat 
during  liquefaction.  A  very  convenient  process  for  freezing  a  httle 
water,  mthout  the  use  of  ice,  is  to  drench  finely  powdered  sulphate 
of  soda  with  the  undiluted  hydrocliloric  acid  of  the  shops.  The  salt 
dissolves  to  a  greater  extent  in  this  acid  than  in  water,  and  the  tem- 
perature may  sink  from  50°  to  0°.  The  vessel  in  which  the  mixture 
is  made  becomes  covered  with  hoar  frost,  and  water  in  a  tube  im- 
mersed in  the  mixture  is  speedily  frozen. 

The  same  affinity  between  salts  and  water  may  be  taken  advantage 
of  to  cause  the  Kquefaction  of  ice.  On  mixing  snow  with  a  third  of 
its  weight  of  salt,  the  snow  is  instantly  melted,  and  the  temperature 
sinks  nearly  to  0°.  It  was  in  tliis  way  that  Talirenheit  is  supposed 
to  have  obtained  the  zero  of  his  scale.  Ices  for  the  table  are  always 
made  in  summer  by  mixing  rouglily  pounded  ice  and  salt  together, 
and  immersing  the  cream,  or  other  liquid  to  be  frozen,  contained  in  a 
thin  metaUic  pan,  ia  the  cold  brine  which  is  produced  by  the  melting 
of  the  ice. 

The  liquefaction  of  snow  by  means  of  the  salt,  chloride  of  calcium, 
occasions  a  still  greater  degree  of  cold.  To  prepare  this  salt,  marble 
or  chalk  is  dissolved  in  hydrocliloric  acid,  and  the  solution  evapo- 
rated by  a  temperature  not  exceeding  300°.  It  should  be  stirred,  as 
it  becomes  dry  at  this  temperature ;  and  is  obtained  in  a  crystaUine 
powder,  being  the  combination  of  chloride  of  calcium  with  two  atoms 
of  water.  When  three  parts  of  this  salt  are  mixed  with  two  of  dry 
snow,  the  temperature  is  reduced  fi-om  32°  to  — 50°.  In  attempt- 
ing to  freeze  mercury  by  means  of  this  mixture,  it  is  advisable  to 
make  use  of  not  less  than  tlu-ee  or  four  pounds  of  the  materials. 
When  the  materials  are  divided,  and  the  mercury  is  first  cooled  con- 
siderably by  one  portion,  it  rarely  fails  in  being  frozen  when  trans- 
ferred into  another  portion  of  the  mixture.  For  producing  stiU 
more  intense  degrees  of  cold,  the  evaporation  of  higlily  volatile 
liquids,  of  liquid  carbonic  acid,  for  instance,  affords  the  most 
efficient  means. 
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We  liave  now  to  consider  the  second  general  effect  of  heat — Vapori- 
zation, or  the  conversion  of  soHds  and  Hquids  into  vapour.  Yapours, 
of  which  steam  is  the  most  famihar  to  us,  are  hght,  expansible,  and 
generally  invisible  gases,  resembling  air  completely  in  their  mechanical 
properties,  while  they  exist,  but  subject  to  be  condensed  into  liquids 
or  solids  by  cold.  Water  undergoes  a  great  expansion  when  con- 
verted into  steam,  a  cubic  inch  of  water  becoming,  in  ordinary  circum- 
stances, a  cubic  foot  of  steam ;  or,  more  strictly,  one  cubic  inch  of 
water,  when  converted  into  steam,  expands  into  1694  cubic  inches. 

This  change,  like  fluidity,  is  produced  by  the  addition  of  heat  to 
the  body  which  undergoes  it.  But  a  much  larger  quantity  of  heat 
enters  into  vapours  than  into  Hquids,  into  steam  than  into  water.  If, 
over  a  steady  fire,  a  certain  quantity  of  ice-cold  water  requires  one 
hour  to  bring  it  to  the  boihng  point,  it  will  require  a  continuance  of 
the  same  heat  for  five  hours  more  to  boil  it  off  entirely.  Yet  hquids 
do  not  become  hotter  after  they  begin  to  boil,  however  long,  or  with 
whatever  violence  the  boiling  is  continued :  for  if  a  thermometer  be 
plunged  into  water,  and  the  point  marked  where  it  stands  at  the 
beginning  of  the  boihng,  it  will  be  found  to  rise  no  higher  although 
the  boihng  be  continued  for  a  long  time. 

This  fact  is  of  importance  in  domestic  economy,  particularly  in 
cookery ;  and  attention  to  it  would  save  much  fuel.  Soups,  &c.  made 
to  boil  in  a  gentle  way,  by  the  apphcation  of  a  moderate  heat,  are 
just  as  hot  as  when  they  are  made  to  boil  on  a  strong  fire  with  the 
greatest  violence ;  when  water  in  a  copper  is  once  brought  to  the 
boihng  point,  the  fire  may  be  reduced,  as  having  no  further  effect 
in  raising  its  temperature,  and  a  moderate  heat  being  sufficient  to 
preserve  it. 

The  steam  from  boihng  water,  when  examined  by  the  thermometer, 
is  found  to  be  no  hotter  than  the  water  itself.  What,  then,  becomes 
of  all  the  heat  which  is  communicated  to  the  water,  since  it  is  neither 
indicated  in  the  steam  nor  in  the  water  ?  It  enters  into  the  water, 
and  converts  it  into  steam,  without  raising  its  temperature.  As  much 
heat  disappears  as  is  capable  of  raising  the  temperature  of  the  portion 
of  water  converted  into  steam  1000  degrees,  or,  what  is  the  same 
thing,  as  would  raise  the  temperature  of  one  thousand  times  as  much 
water  by  one  degree.  This  is  now  generaUy  assumed  to  be  the 
amount  of  the  latent  heat  of  steam.     Dr.  Black  found  it  to  be  about 
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960  degrees,  Mr;  Watt  940  degrees,  and  Lavoisier  ratlier  more  than 
1000  degrees. 

Several  circumstances  may  be  remarked  during  the  occurrence  of 
tliis  change  in  water.  On  heating  water  gradually  in  a  vessel,  we  first 
observe  minute  bubbles  to  form  in  the  liquid,  and  rise  through  it, 
which  consist  of  air.  As  the  temperature  increases,  larger  bubbles 
are  formed  at  the  bottom  of  the  vessel,  which  rise  a  little  way  in  the 
liquid,  and  then  contract  and  disappear,  producing  a  hissing  or  sim- 
mering sound.  But,  as  the  heating  goes  on,  these  bubbles,  which 
are  steam,  rise  higher  and  higher  in  the  liquid,  till  at  last  they  reach 
its  surface  and  escape,  producing  a  bubbling  agitation,  or  the  phenome- 
non of  ehidUtion.  The  whole  process  of  boiling  is  beautifully  seen 
in  a  glass  vessel.  It  wiU  be  remarked  that  steam  itself  is  invisible ; 
it  only  appears  when  condensed  again  into  minute  drops  of  water  by 
mixing  with  the  cold  air. 

It  was  first  observed  by  Gay-Lussac,  that  liquids  are  converted 
more  easily  into  vapour  when  in  contact  with  angular  and  uneven 
surfaces,  than  when  the  surfaces  wliicli  they  touch  are  smooth  and 
polished.  He  also  remarked  that  water  boils  at  a  temperature  two 
degrees  higher  in  glass  than  in  metal ;  so  that  if  into  ^vater,  in  a  glass 
flask,  which  has  ceased  to  boil,  a  twisted  piece  of  cold  iron  be 
dropped,  the  boiHng  is  resumed :  it  is  only  in  vessels  of  metal  that 
the  boiling  point  is  regular,  and  should  be  taken  in  graduating  ther- 
mometers. It  has  been  remarked  by  Mr.  Scrymgeour,  of  Glasgow, 
that  if  oil  be  present  with  water,  the  boiling  point  of  the  water  is 
raised  a  few  degrees,  in  any  kind  of  vessel.  A  much  greater  eleva- 
tion of  the  boiling  point  has  been  observed  by  M.  Marcet,"^  in  a 
glass  flask,  having  its  inner  surface  coated  with  a  thin  film  of  shellac, 
in  which  the  temperature  often  rises  to  221°,  or  even  higher,  before 
a  burst  of  vapour  occurs ;  it  then  sinks  a  few  degrees,  after  which  it 
rises  again.  The  reason  why  water  in  these  circumstances  does  not 
pass  into  vapour  at  its  usual  boiling  point,  is  not  distinctly  under- 
stood. The  water  appears  to  be  in  a  precarious  state  of  equilibrimn, 
as  in  the  other  analogous  case,  when  cooled  mth  caution  in  a  smooth 
glass  vessel  considerably  under  its  usual  freezing  point.  The  intro- 
duction of  an  angular  body  into  the  water  is  suflicient,  in  either 
instance,  to  induce  the  suspended  change.  The  same  irregular  devia- 
tion of  the  boiHng  point  in  glass  vessels  takes  place  in  other  liquids  as 
well  as  water,  and  in  some  of  them  to  a.  much  greater  extent. 

*   Ann.  de  Chitnie,  &c.  .3  ser.  t.  5,  p.  449. 
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There  is  a  curious  circumstance  in  regard  to  boiling,  which  is  a 
matter  of  common  observation  in  some  shape  or  other.  When  a  Uttle 
water  (a  few  drops)  is  thrown  into  a  metallic  cup  considerably  above  the 
boiling  point  of  water,  the  liquid  assumes  a  spheroidal  form,  and  rolls 
about  the  cup  like  melted  crystal,  without  visible  ebullition,  being  only 
slowly  dissipated.  The  cause  of  the  phenomenon  appears  to  be  this. 
Water  exliibits  an  attraction  for  the  surface  of  almost  all  solids  at  low 
temperatures,  and  wets  them.  Fluid  mercury  exhibits  the  opposite 
property,  or  a  repulsion  for  most  surfaces.  The  attraction  of  water 
for  surfaces  brings  it  into  the  closest  contact  with  them,  and  greatly 
promotes  the  communication  of  heat  by  a  heated  vessel  to  the  water 
contained  in  it.  But  heat  appears  to  develope  a  reptdsive  power  in 
bodies,  and  it  is  probable  that  above  a  particular  temperature  the 
heated  metal  no  longer  possesses  this  attraction  for  water.  The  water, 
not  being  attracted  to  the  surface  of  the  hot  metal,  and  induced  to 
spread  over  it,  is  not  rapidly  heated,  and  therefore  boils  off  slowly. 
A  rude  method  of  judging  of  the  degree  of  heat  is  founded  on  the 
same  principle^  and  is  seen  familiarly  exemplified  in  the  laundry. 
The  heat  of  the  smoothing  iron  is  judged  of  by  its  effects  upon  a 
drop  of  saliva  let  fall  upon  it.  If  the  drop  do  not  boil,  but  run  along 
the  surface  of  the  metal,  the  iron  is  considered  sufficiently  hot ;  but 
if  the  drop  adlieres  and  is  rapidly  dissipated,  the  temperature  is 
considered  low. 

The  spheroidal  ebullition  of  liquids,  which  was  first  examined  by 
Leidenfrost,  in  1^66,  has  lately  received  from  M.  Boutign}'*  some 
striking  experimental  illustrations.'^  He  has  observed  that  water  may 
pass  into  spheroidal  ebullition  at  any  temperature  above  340°,  and 
remain  in  that  state  till  the  temperature  falls  to  288°;  then  it 
moistens  the  metallic  capsule  in  which  the  experiment  is  made,  and 
evaporates  rapidly.  The  corresponding  temperatures  at  which 
alcohol  and  ether  pass  into  the  spheroidal  form  in  a  heated  capsule 
were  found  to  be  proportional  to  tlieir  points  of  ebullition;  the  tem- 
perature for  the  fu-st  being  273°,  and  for  the  second  142°.  The 
ball  of  a  thermometer  being  plunged  in  liquids  while  in  the 
spheroidal  state,  indicated  the  temperatures — in  water,  of  205*7°; 
in  absolute  alcohol,  of  ]  67*9°;  in  ether,  93*6°;  in  hydrochloric 
ether,  50*9°;  in  sulphurous  acid,  13'1°;  which  are  all  several  degrees 
below  the  ordinary  temperatures  of  ebullition  of  these  liquids.     When 

*  Amiales  de  Chimic,  &c.  8  scr.  t.  ix.  p.  350;  et  t.  xi.  p.  IG. 
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distiUed  water  is  allowed  to  fall  drop  by  drop  into  sulplmrous  acid  in 
the  spheroidal  state^  the  water  is  immediately  congealed  into  a  spongy 
mass  of  ice,  even  when  the  containing  capsule  is  visibly  red-hot. 

The  temperature  at  whicli  any  liquid  boils  is  not  fixed  (like  the 
melting  point  of  solids),  but  depends  entirely  upon  a  particular  cir- 
cumstance,— the  degree  of  pressure  to  which  the  liquid  is  at  the  time 
subject.  Liquids  are  in  general  subject  to  the  pressure  of  the 
atmosphere ;  for  although  the  air  is  an  exceedingly  light  substance, 
being  815  times  lighter  than  water,  yet  by  reason  of  its  great 
quautity  and  height,  it  comes  to  weigh  with  considerable  force  upon 
the  earth.  This  is  called  the  atmospheric  pressure,  and  amounts  to 
about  fifteen  pounds  upon  each  square  inch  of  surface.  Tlie  force 
with  wliich  air  presses  upon  a  man  of  ordinary  size  has  been  estimated 
at  fifty  tons ;  yet,  from  all  the  cavities  of  the  animal  frame  being 
filled  with  equally  elastic  air,  we  support  this  great  pressure  without 
being  sensible  of  it;  indeed,  we  should  suffer  the  greatest  incon- 
venience from  its  sudden  removal.  Now  the  pressure  of  the  atmos- 
phere is  not  always  the  same  at  the  same  place,  but  is  found  by  the 
barometer  to  vary  within  the  limits  of  one-tenth  of  the  whole 
pressure.  Tliis  difference  affects  the  boiling  point  to  the  extent  of 
^J  degrees.  Thus,  when  the  height  of  the  mercury  in  the  barometer 
is  expressed  by  the  numbers  in  the  first  column,  water  boils  at  the 
temperatures  placed  against  them  in  the  second  column. 


Barometer  in  inclies  of  mercury. 

Water  boils 

27-74 

208° 

28-29 

209 

28-84 

210 

29-41 

211 

29-92 

212 

30-6 

213 

On  this  account  the  pressure  of  the  atmosphere  must  be  attended 
to  in  fixing  the  boiHng  point  of  water  on  thermometers.  Water  boils 
at  212°  only  when  the  pressure  of  the  atmosphere  is  equivalent  to  a 
column  of  29*92  inches  of  mercury. 

The  pressure  of  the  atmosphere  will  be  greatest  at  the  level  of  the 
sea,  and  will  diminish  as  we  ascend  to  any  height  above  it,  for  then 
we  have  less  of  the  atmosphere  above  and  pressing  upon  us,  part  of 
it  being  below  us.  Hence,  water  boils  on  the  tops  of  mountains  at 
a  considerably  lower  temperature  than  at  their  bases.  On  the  top 
of  Mont  Blanc,  which  is  the  pinnacle  of  Europe,  water  was  obsers^ed 
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by  Saussure  to  boil  at  184°.  In  deep  pits,  on  the  other  hand,  water 
requires  a  higher  temperature  to  boil  it  than  at  the  surface  of  the 
earth.  An  instrument  has  been  constructed  for  ascertaining  the 
heights  of  mountains  on  this  principle.  It  consists  essentially  of  a 
thermometer,  graduated  with  great  care  about  the  boiling  point  of 
water,  by  means  of  which  the  temperature  at  wliich  water  boils  at 
different  altitudes  can  be  ascertained  with  minute  accuracy.  A 
difference  of  one  degree  of  temperature  is  occasioned  by  an  ascent  of 
about  550  feet,  and  the  depression  of  the  boiling  point  is  accu. 
rately  proportional  to  the  elevation  above  the  earth^s  surface,  accord- 
ing to  the  observations  of  Prof.  Porbes  (Edinburgh  Phil.  Trans,  xv. 
409).^ 

When  the  pressure  on  liquids  is  removed  by  artificial  means,  they 
boil  at  greatly  reduced  temperatures.  This  may  be  done  by  placing 
them  under  the  receiver  of  an  air-pump,  and  exhausting.  When  the 
whole  air  is  withdrawn,  liquids  in  general  boil  at  about  145°  under  the 
temperature  which  they  require  to  make  them  boil  when  subject  to 
the  atmospheric  pressure.  In  a  good  vacuum  water  will  boil  at  67°. 
This  fact  is  also  illustrated  by  a  simple  experiment,  which  any  one 
may  perform.  A  flask,  containing  boiling  water,  is  closed  with  a 
cork,  while  the  upper  part  is  filled  with  steam.  The  boiling  in  the 
flask  may  be  renewed  by  plunging  it  into  cold  water ;  and  the  colder 
the  water  the  brisker  will  the  ebullition  become.  But  the  boiling  is 
instantly  checked  by  removing  the  flask  from  the  cold  water  and 
immersing  it  in  very  hot  w^ater.  On  corking  the  flask  the  ebullition 
ceased,  from  the  pressure  exerted  by  the  confined  steam  upon  the 
surface  of  the  water ;  but  on  plunging  the  flask  into  cold  water,  this 
steam  was  condensed,  and  the  water  began  to  boil  under  the  reduced, 
pressure.  On  removing  the  flask  to  the  hot  water,  the  steam  above 
ceased  to  be  condensed,  and  by  its  pressure  stopped  the  boiling.  On 
the  other  hand,  in  a  rapine's  digester,  which  is  a  tight  and  strong 
kettle  with  a  safety  valve,  water  may  be  raised  to  3  or  400°  without 
ebullition :  but  the  instant  that  this  great  pressure  is  removed,  the 
boiling  commences  with  prodigious  violence. 

The  facility  with  w'hich  liquids  boil  under  reduced  pressure  is  fre- 
quently  taken   advantage  of  in  the  arts,  in  concentrating  liquors 

*  For  the  most  recent  minute  determinations  of  the  boiling  point  of  water,  under 
variations  of  atmospheric  pressure,  see  the  memoir  of  M.  Regnault ;  Ann.  de  Chimie, 
&c.,  3  serie,  t.  xiv.  p.  196.  A  simple  portable  apparatus  for  the  experiment  is  also 
described  there. 


52  VAPORIZATION. 

which  would  be  injured  in  flavour  or  colour  by  the  heat  necessary  to 
boil  them  under  the  pressure  of  the  atmosphere.  Mr.  Howard 
applied  this  principle  in  concentrating  the  syrup  of  sugar,  which 
is  apt  to  be  browned  when  made  to  boil  under  the  usual  pressure. 
He  thus  boiled  syrup  at  150°,  applying  heat  to  it  in  a  pan  covered 
by  an  air-tight  lid,  and  pumping  off  the  air  and  steam  from  the 
upper  part  of  the  pan  by  means  of  a  steam-engine.  Tliis  was  the 
most  essential  part  of  his  patent  process,  by  which  nearly  the  whole 
of  the  loaf  sugar  consumed  in  this  country  has  been  manufactured  for 
many  years. 

In  the  same  apparatus  vegetable  infusions  may  be  inspissated,  or 
reduced  to  the  state  of  extracts,  for  medical  purposes,  with  great 
advantage.  Wlien  an  extract  is  prepared  in  the  ordinary  way,  by 
boiling  down  an  infusion  or  expressed  juice  in  an  open  vessel  under 
atmospheric  pressure,  a  considerable  and  variable  proportion  of  the 
active  principle  is  always  destroyed  by  the  high  temperature  and 
exposure  to  the  air.  But  the  extract  is  not  injured  when  the  infusion 
or  juice  is  evaporated  at  a  low  temperature,  and  without  access  of 
air,  and  is  generally  found  to  be  a  more  active  medicine. 

The  temperatures  at  which  different  liquids  are  converted  into 
vapour  are  exceedingly  various ;  but  other  things  remaining  the 
same,  the  boiling  temperature  is  constant  for  any  particular  liquid. 
The  following  table  exhibits  the  boihng  points  of  a  few  hquids,  in 
which  that  point  has  been  determined  with  precision  : — 

Boiling  point. 

Hydrochloric  ether 52° 

Ether 96 

Sulphiu'et  of  carhon 118 

Ammonia  (sp.  gr.  0"945) 140 

Alcohol 173 

Water 212 

Nitric  acid  (sp.  gr.  1-42) 248 

Crystallized  cliloride  of  calcium          .         .         .         .  302 

Oil  of  tmrpentine 314 

Naphtha 320 

Phosphorus 554 

Sulphuric  acid  (sp.  gr.  1-843) 620 

"Whale  oil 630 

Mercury 662 

The  boihng  point  of  water  is  uniformly  elevated  by  the  solution  of 
salts  in  the  fluid ;    but  much  more  so  by  some  salts  than  others. 
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Tables  have  been  coustructed  of  the  boiling  points  of  saline  liquors, 
which  are  of  useful  application  when  it  is  wished  to  maintain  a  steady 
temperature  somewhat  above  212°.  Thus,  water  saturated  with 
conmion  salt  (100  water  to  30  salt),  boils  at  224°;  saturated  with 
nitrate  of  potash  (100  water  to  74  salt),  it  boils  at  238°;  saturate^l 
cold  with  chloride  of  calcium,  at  264°. 

When  steam  from  water  is  confined,  it  increases  in  temperature, 
and  acquires  great  force  ;  and  the  experiment  can  only  be  performed 
with  safety  in  a  boiler  possessed  of  a  safety  valve.  Tliis  is  a  small 
lid  in  the  upper  part  of  the  boiler,  properly  loaded,  according  to  the 
force  of  the  steam  to  be  generated.  The  steam  of  boiHng  water 
occasions  a  severe  scald,  if  allowed  to  condense  upon  the  body.  But 
when  steam  from  water  under  pressure,  or  ^Miigh  pressure"  steam, 
which  may  be  of  a  much  higher  temperature  than  boiling  water, 
issues  into  the  air,  the  hand  may  be  directly  exposed  to  it  with 
impunity ;  and  a  thermometer  placed  in  it  shows  that  its  temperature 
is  greatly  below  that  of  boihng  water.  Tins  singular  property  of 
high  pressure  steam  is  connected  with  the  great  expansion  which  it 
undergoes  on  escaping  into  the  air  from  the  vessel  in  which  it  was 
confined ;  elastic  bodies  having  a  tendency,  when  escaping  from  a 
state  of  compression,  to  fly  asunder,  not  only  to  their  original  dimen- 
sions, but  beyond  them.  The  steam  is  gTcatly  expanded,  and  at  the 
same  time  mixed  with  air,  which  prevents  it  from  afterguards  col- 
lapsing. Now,  after  being  incorporated  with  several  times  its  bulk 
of  air,  steam  is  not  easily  condensed,  but  becomes  low-pressure  steam, 
and  may  have  its  condensing  point  reduced  from  above  212°  to  120° 
or  130°.  Hence  the  heat  wliich  it  is  capable  of  communicating, 
while  condensing  upon  the  hand  held  in  it,  is  of  much  less 
intensity  than  that  of  ordinary  steam,  and  inadequate  to  occasion 
scalding. 

Steam,  when  heated  by  itself,  apart  from  the  liquid  which  produced 
it,  does  not  possess  a  greater  elasticity  than  an  equal  bulk  of  air 
confined  and  heated  to  the  same  degree,  and  may  be  heated  to  the 
temperature  at  which  the  containing  vessel  becomes  red  hot^  without 
acquiring  great  elastic  force.  But  if  water  be  present,  then  more 
and  more  steam  continues  to  rise,  adding  its  elastic  force  to  that  of 
the  vapour  previously  existing,  so  that  the  pressure  becomes  exces- 
sive. 

The  elastic  force  of  steam  at  temperatures  above  21 2°  is  determined 
by  heating  water  in  a  stout  globular  vessel  containing  mercury,  m. 
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Fig.  21. 


(see  fig.  21,)  and  water,  w,  and  having 
a  long  glass  tube,  t  t,  screwed  into  it, 
open  at  both  ends,  and  dipping  into 
the  mercury,  with  a  scale,  a,  divided 
into  inches,  applied  to  it.  The  globular 
vessel  has  two  other  openings,  into  one 
of  which  a  stopcock,  b,  is  screwed,  and 
into  the  other  thermometer,  /,  having 
its  bulb  within  the  globe.  The  water 
is  boiled  in  this  vessel  for  some  time, 
with  the  stopcock  open  so  as  to  expel 
all  the  air.  On  shutting  the  stopcock, 
and  continuing  the  heat,  the  tempera- 
ture of  the  interior,  as  indicated  by  the 
thermometer,  now  rises  above  212°,  at 
wliichit  was  stationary  while  the  steam 
generated  was  allowed  to  escape.  The 
steam  in  the  upper  part  of  the  globe 
becomes  denser,  more  and  more  steam 
being  produced,  and  forces  the  mercury 
to  ascend  in  the  gauge  tube,  /,  to  a 
height  proportional  to  the  elastic  force 
of  the  steam.  The  height  of  the  mer- 
curial column  is  taken  to  express  the 
elastic  force  or  pressure  of  the  steam 
produced  at  any  particular  tempera- 
ture above  212°.  The  weight  of  the 
atmosphere  itself  is  equivalent  to  a 
column  of  mercury  of  30  inches,  and  this  pressure  has  been  overcome 
by  the  steam  at  212°*  before  it  began  to  act  upon  the  mercurial 
gauge.  Tor  every  thirty  inches  that  the  mercury  is  forced  up  in  the 
gauge  tube  by  the  steam,  it  is  said  to  have  the  pressure  or  elastic 
force  of  another  atmosphere.  Thus,  when  the  mercury  in  the  tube 
stands  at  thirty  inches,  the  steam  is  said  to  be  of  two  atmospheres  . 
at  45  inches,  of  two  and  a  half  atmospheres ;  at  60  inches,  of  three 
atmospheres,  and  so  on. 

Experiments  have  been  made  on  the  elastic  force  of  steam  by 
Professor  Eobinson,  Mr.  Southern,  Mr.  Watt,  and  others ;  but  all 
preceding  results  have  been  superseded  by  those  of  a  commission  of  the 
Erench  Academy,  consisting  of  MM.  Dulong  and  Arago,  appointed 
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by  the  French  government  to  investigate  the  subject,  from  its  im- 
portance in  connexion  with  the  steam  engine"^.  Their  results,  which 
are  expressed  in  the  following  table,  were  obtained  by  experiment,  up 
to  a  pressure  of  25  atmospheres.  The  higher  pressures  were  calcu- 
lated by  extending  the  progression  observed  at  lower  temperatures. 


Elasticity  of  Steam 

Elasticity  of  Steam 

taking  AtmosplKirio 

Temp.  lalir. 

taking  Atmospheric          Temp.  Fal 

Pressm-e  as  Unity. 

Pressm-e  as  Unity. 

1 

212.0 

13 

380.66 

u     . 

233.96 

14 

386.94 

2 

250.52 

15 

392.86 

2h 

263.84 

16 

398.48 

3 

275.18 

17 

403.82 

3^         . 

285.08 

18 

408.93 

4 

293.72 

19 

413.78 

4i         . 

300.28 

20 

418.46 

5 

307.5 

21 

422.96 

5^         . 

314.24 

22 

427.28 

6 

320.36 

23 

431.42 

i^k         . 

326.26 

24 

435.56 

7 

331.70 

25 

439.34 

7i 

336.86 

30 

457.16 

8 

341.78 

35 

472.73 

9 

350.78 

40 

486.59 

10 

358.88 

45 

491.14 

11 

366.85 

50 

610.60 

12 

374.00 

Some  curious  experiments  were  made  by  M.  Cagnard  de  la  Tour 
on  the  vapour  from  various  liquids  at  very  high  temperatures,  and 
under  great  pressures.  He  filled  a  small  glass  tube  in  part  with 
ether,  alcohol,  or  water,  and  sealed  if  hermetically.  The  tube  was 
then  exposed  to  heat,  till  the  liquid  passed  entirely  into  vapour. 
Ether  became  gaseous  in  a  space  scarcely  double  its  volume  at  a 
temperature  of  320°,  and  the  vapour  exerted  a  pressure  of  no  more 
than  38  atmospheres.  Alcohol  became  gaseous  in  a  space  about 
thrice  its  volume  at  the  temperature  of  404<|-°,  with  a  pressure  of 
about  139  atmospheres.  Water  acted  chemically  on  the  glass,  and 
broke  it ;  but  adding  a  little  carbonate  of  soda  to  it,  the  water  became 
gaseous  in  a  space  four  times  its  volume  at  the  temperature  at  which 
zinc  melts,  or  about  648°.  These  results  are  singular,  in  so  far  as 
the  pressure  or  elastic  force  of  the  vapours  proves  to  be  much  smaller 
than  that  which  corresponds  with  their  calculated   density.     It  thus 


*  Annales  de  Chimie,  &c.  2  scr.  t.  xliii.  \\  374. 
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appears  that  liiglily  compressed  vapours  lose  a  portion  of  their 
elasticity_,  or  yield  more  to  a  certain  pressure  than  air_,  by  calculation, 
would  do. 

A  measure  is  obtained  of  the  quantity  of  latent  heat  in  steam  by 
observing  the  degree  to  which  it  heats  up  a  mass  of  water  when  con- 
densed in  it.  Cold  water  is  easily  made  to  boil  by  placing  the  open 
end  of  a  pipe  from  a  steam-boiler  in  it_,  and  causing  the  steam  to 
blow^  through  it  for  a  sufficient  time.  If  a  measured  quantity  of 
water  at  32°,  amounting  to  11  cubic  inches,  is  heated  up  to  212°  in 
this  manner,  it  is  found  that  the  volume  is  increased  to  13  cubic 
inches  by  the  condensed  steam.  Consequently,  11  cubic  inches  of 
water  are  heated  up  from  32°  to  212°,  or  one  hundred  and  eighty 
degrees,  by  2  cubic  inches  of  water  in  the  form  of  steam.  But  if, 
for  comparison,  2  cubic  inches  of  boiHng  hot  water  be  substituted 
for  the  steam,  and  added  to  11  cubic  inches  of  cold  water,  the  tem- 
perature of  the  latter  is  raised  no  more  than  abont  twenty-eight 
degrees.  In  both  experiments,  however,  the  temperature  of  the 
steam,  and  of  the  boibng  water  added,  was  the  same,  or  212°;  the 
difference  of  their  heating  effects  depends  entirely  upon  the  latent 
heat  wliich  the  former  possesses,  in  addition  to  its  sensible  tempera- 
ture, and  abandons  to  the  cold  water  on  condensing. 

In  the  condensing  experiment  2  cubic  inches  of  water  in  the  form 
of  steam  raised  the  temperature  of  11  cubic  inches  of  water  one 
hundred  and  eighty  degrees,  or  1  of  steam  raised  the  temperature  of 
5  J  of  water  to  that  amount.  As  it  follows  that  one  part  of  steam 
would  heat  one  part  of  water,  5  J  times  180,  or  900  degrees,  it  ap- 
pears that  steam  possesses  as  much  heat  latent  as  might  raise  its  own 
temperature  to  that  amount  on  becoming  sensible. 

The  latest,  and  probably  most  exact,  determinations  which  we  pos- 
sess of  the  latent  heat  of  the  vapours  of  water,  and  other  liquids,  are 
those  of  M.  Brix  of  Berlin,  (Poggendorff's  Annalen,  Iv.)  He  em- 
ployed the  apparatus  represented  in  Pig.  22.  The  refrigeratory  to 
contain  the  cold  condensing  water  consists  of  a  cylindrical  vessel, 
A  C,  3  inches  in  diameter  and  3  inches  deep.  The  steam  from  a 
small  retort  R  does  not  pass  directly  into  the  water  of  the  refrigera- 
tory, but  is  conveyed  by  the  spout  M  into  an  inner  hollow  cjdinder 
E  G,  of  a  ring-formed  basis,  which  has  an  opening  into  the  atmos- 
pliere  by  the  tube  L,  by  which  the  air  it  contains  finds  vent  on  the 
arrival  of  the  vapour.  The  condensing  water  is  agitated  by  means 
of  a  thin  disc  of  metal  B,  attached  to  a  vertical  rod,  the  upper  end 
of  which  passes  through  the  cover  of  the  refrigeratory.     A  known 
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quantity  of  cold  water  being  Fig.  22. 

introduced  into  this  refrigera- 
tory, its  temperature  is  accu- 
rately observed  by  the  included 
thermometer.  In  conducting 
the  experiments  it  was  ar- 
ranged that  the  temperature 
of  the  condensing  water  should 
at  first  be  a  few  degrees  below 
that  of  the  atmosphere,  and 
vapour  was  thrown  into  the 
inner  receiver  by  boiling  a 
W'cighed  portion  of  liquid  in 
'E,  till  the  temperature  of  the 
condensing  water  rose  as  many 
degrees  above  that  point.  The 
weight  of  liquid  distilled  was 
then  found  by  weighing  the 
retort  E  with  what  remained, 
and  ascertaining  the  loss ;  and 
the  latent  heat  calculated  by  increasing  the  rise  of  temperature  ob- 
served in  the  refrigeratory,  in  the  same  proportion  as  the  weight  of 
the  condensing  w^ater  in  the  refrigeratory  exceeds  that  of  the  Kquid 
distilled  from  the  retort. 

The  following  are  the  mean  results  which  M.  Brix  obtained  by  this 
method,  several  experiments  being  made  upon  each  liquid  : — 


Equal  weights. 
Water 
Alcohol 
Ether 

Oil  of  tm'pentine 
Oil  of  lemons 


Latent  heat  of  vapour. 
972     ( 
385.2 
162 
133.2 
144 


Despretz,  who  at  an  earlier  period  had  also  made  very  careful  ex- 
periments on  several  of  the  same  liquids,  gave  the  following  estima- 
tions of  latent  heat : — 


Equal -weights  Latent  heat  of  vapoiu*. 

Water 955.8  degrees 

Alcohol 374.4      " 

Ether 174.6      " 

Oil  of  turpentine  ......         138.6 
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Dulong  obtained  for  the  latent  heat  of  the  vapour  of  water  977.4 
degrees. 

It  is  to  be  further  remarked,  that  equal  weights  of  these  liquids 
yield  very  different  volumes  of  vapour,  owing  to  the  different  specific 
gravities  of  the  latter;  and  the  densest  vapours  appear  to  have 
generally  the  least  latent  heat.  According  to  the  table  of  M.  Brix, 
the  latent  heat  of  the  vapour  of  water  is  972  degrees,  while  that  of 
the  vapour  of  alcohol  is  385  degrees  :  or  water-vapour  has  for  equal 
weights  about  2.5  times  more  latent  heat  than  alcohol- vapour.  The 
specific  gravity  of  alcohol-vapour,  on  the  other  hand,  is  about  2.5 
times  greater  than  that  of  water-vapour,  taking  the  former  at  1589.4, 
and  the  latter  at  622  j  consequently  equal  volumes  of  these  two 
•  vapours  possess  equal  quantities  of  latent  heat. 

If  the  latent  heat  of  different  vapours  be  proportional  to  their 
volume,  as  these  numbers  seem  to  indicate,  the  same  bulk  of 
vapour  wiU  be  produced  from  all  liquids  with  the  same  expendi- 
ture of  heat;  and  hence  there  can  be  no  advantage  in  substituting 
any  other  liquid  for  water,  as  a  source  of  vapour,  in  the  steam-engine. 

The  latent  heat  of  the  vapour  of  water  itseK  increases  with  its 
rarity  at  low  temperatures,  and  diminishes  with  its  increasing  density 
at  high  temperatures.  Water  may  easily  be  made  to  boil  in  a  vacuum 
at  the  temperature  of  100°,  but  the  steam  produced  is  much  more 
expanded  and  rare  than  that  produced  at  212°,  and  has  a  greater 
latent  heat.  Hence  there  is  no  fuel  saved  by  distilling  in  vacuo.  It 
has  been  shown,  by  Mr.  Sharpe,  of  Manchester,  that  whatever  be  the 
temperature  of  steam,  from  212°  upwards,  if  the  same  weight  of  it 
be  condensed  by  water,  the  temperature  of  the  water  will  always  be 
raised  the  same  number  of  degrees ;  or  the  latent  and  sensible  heat 
of  steam,  added  together,  amount  to  a  constant  quantity.  We  may 
hence  deduce  a  simple  rule  for  ascertaining  the  latent  heat  of  steam 
at  any  particular  temperature.  Tlie  sensible  heat  of  steam  at  212° 
may  be  assumed  at  212  degrees,  neglecting  the  heat  which  it  has 
below  zero  Taln-enheit,  and  the  latent  heat  of  such  steam  is  1000 
degrees,  of  which  the  sum  is  1212  degrees.  To  calculate  the  latent 
heat  of  steam  at  any  particular  temperature  above  212°,  subtract  the 
sensible  heat  from  this  constant  number  1212.  Thus  the  latent 
heat  of  steam  at  300°  is  1212— 300,  or  912  degrees.  The  same 
relation  between  the  latent  and  sensible  heat  of  vapour  appears  to 
exist  at  temperatures  below  212°,  and  the  latent  heat  of  vapour, 
below  that  temperature,  may  therefore  be  calculated  by  the  same 
rule. 
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Latent  heat  of 
Temperature.  Equal  Weights  of  Steam. 

0°  1212  degrees. 

32  1180   " 

100  1112   " 

150  1062   " 

212  1000   " 

250  962   " 

The  latent  lieat  of  other  vapours^  such  as  that  of  alcohol,  ether, 
and  oil  of  turpentine,  has  been  found  by  Despretz  to  vary  according 
to  the  same  law. 

Prom  the  large  quantity  of  heat  which  steam  possesses,  and  the 
facility  with  which  it  imparts  it  to  bodies  colder  than  itself,  it  is 
much  used  as  a  vehicle  for  the  communication  of  heat.  The  tem- 
perature of  bodies  heated  by  it  can  never  be  raised  above  212° ;  so 
that  it  is  much  preferable  to  an  open  fire  for  heating  extracts  and 
organic  substances,  all  danger  of  empyreuma  being  avoided.  When 
applied  to  the  cooking  of  food,  the  steam  is  generally  conveyed  into 
a  shallow  tin  box,  in  the  upper  surface  of  which  are  cut  several  round 
apertures,  of  such  sizes  as  admit  exactly  the  pans  with  the  materials 
to  be  heated.  The  pans  are  thus  surrounded  by  steam,  which  con- 
denses upon  them  with  great  rapidity,  till  their  temperature  rises 
to  within  a  degree  or  two  of  212°.  For  some  purposes,  a  pan  con- 
taining the  matters  to  be  heated  is  placed  within  another  and  similar 
larger  one,  and  steam  admitted  between  the  two  vessels.  Manufac- 
tured goods  also  are  often  dried  by  passing  them  once  over  a  series 
of  metallic  cylinders,  or  of  square  boxes  filled  with  steam.  Facto- 
ries are  now  very  generally  heated  by  steam,  conveyed  through  them  in 
cast-iron  pipes.  It  has  been  found  by  practice  that  the  boiler  to  pro- 
duce steam  for  this  purpose  must  have  one  cubic  foot  of  capacity  for 
every  2,000  cubic  feet  of  space  to  be  heated  to  a  temperature  of  70°  or 
80°;  and  that  of  the  conducting  steam  pipe,  one  square  foot  of  sur- 
face must  be  exposed  for  every  200  cubic  feet  of  space  to  be  heated. 

The  expansion  of  water  into  steam  is  used  as  a  moving  power  in 
the  steam  engine.  The  application  is  made  upon  two  difierent  prin- 
ciples, both  of  which  may  be  illustrated  by  the  little  instrument 
depicted  on  the  margin.  It  consists  of  a  glass  tube,  about  an  inch 
in  diameter,  slightly  expanded  into  a  bulbous  form  at  one  extremity, 
and  open  at  the  other  (Fig.  23) ;  a  piston  is  made,  by  twisting  tow 
about  the  end  of  a  piece  of  straight  wire,  which  must  be  fitted  tightly 
in  the  tube  by  the  use  of  grease.  Upon  heating  a  httle  water  in  the 
bulb  below  the  piston  p,  steam  is  generated,  which  raises  the  piston 
to  the  top  of  the  cylinder.  Here  the  simple  elastic  form  of  the  steam  is 
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^'iG.  23.  the  moving  power ;  and  in  this  manner  steam 

is  employed  in  the  high  pressure  engine.    The 
greater  the  load  upon  the  piston,  and  the  more 
the  steam  is  confined,  the  greater  does  its  elas- 
tic force  become.     Again  :  the  piston  being  at 
the  top  of  the  cylinder,  if  we  condense  the 
steam  with  which  the  cylinder  is   filled,  by 
plunging  the  bulb  in  cold  water,  a  vacuum  is 
produced  below  the  piston,  w^hich  is  now  forced 
down  to  the  bottom  of  the  cyhnder  by  the  pres- 
sure of  the  atmosphere.     In  this  second  part 
of  the  experiment,  the  power  is  acquired  by  the 
condensation  of  the  steam,  or  the  production  of  a  vacuum ;  and  this 
is  the  principle  of  the  common  condensing  engine.     In  the  first 
efficient  form  of  the  condensing  engine  (that  of  Newcomcn)  the 
steam  was  condensed  by  injecting  a  little  cold  water  below  the  piston, 
which  then  descended,  from  the  pressure  of  the  atmosphere  upon  its 
upper  surface,  exactly  as  in  the  instrument.     But  Mr.  Watt  intro- 
duced two  capital  improvements  into  the  construction  of  the  con- 
densing engine;  the  first  was,  the  admitting  steam,  instead  of  at- 
mospheric air,  to  press  down  the  piston  through  the  vacuous  cylinder, 
wdiich  steam  itself  could  afterwards  be  condensed,  and  a  vacuum  be 
produced  above  the  piston,  of  which  the  same  advantage  might  be 
taken  as  of  the  vacuum  below^  the  piston.     The  second  was,  the  ef- 
fecting the  condensation  of  the  steam,  not  in  the  cyhnder  itself,  which 
was  thereby  greatly  cooled,  and  occasioned  the  waste  of  much  steam 
in  being  heated  again  at  every  stroke ;  but  in  a  separate  air-tight 
chamber,  called  the  condenser,  which  is  kept  cool  and  vacuous.  Into 
this  condenser  the  steam  is  allowed  to  escape  from  above  and  from 
below  the  piston  alternately,  and  a  vacuum  is  obtained  without  ever 
reducing  the  temperature  of  the  cylinder  below  212°. 

A  tliird  improvement  in  the  employment  of  steam  as  a  moving 
power  consists  in  using  it  expansively  ;  a  mode  of  application  which 
wiU  be  best  understood  by  being  explained  in  a  particular  case..  Let 
it  be  supposed  that  a  piston,  loaded  with  one  ton,  is  raised  four  feet 
by  filling  the  cylinder  in  which  it  moves  with  low-pressure  steam,  or 
steam  of  the  tension  of  one  atmosphere.  An  equivalent  efi'ect  may 
be  produced  at  the  same  expense  of  steam,  by  filhng  one-fourth  of 
the  cylinder  with  steam  of  the  tension  of  four  atmospheres,  and 
loading  the  piston  with  four  tons,  which  will  be  raised  one  foot. 
But  the  piston  being  raised  one  foot  by  steam  of  four  atmospheres, 
a.nd  in  the  position  represented  in   Pig.  24,  the  supply  of   steam 
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Fig.  24. 


01-  l. 


,.4  or  2 


4  atmos. 


may  be  cut  off,  and  the  piston  will  continue  to  be  elevated  in  the 
cylinder  by  the  simple  expansion  of  the  steam  below  it,  although  with 
a  diminishing  force.  When  the  piston  has  been  raised  another  foot 
in  the  cylinder,  or  two  feet  from  the  bottom,  the  volume  of  the  steam 

will  be  doubled,  and  its  tension  con- 
sequently reduced  from  four  to  -I, 
or  two  atmospheres.  At  a  height 
of  three  feet  in  the  cylinder,  the 
piston  will  have  steam  below  it  of 
the  tension  of  ^  or  IJ-  atmosphere, 
and  when  the  piston  is  elevated  four 
feet,  or  reaches  the  top  of  the  cylin- 
der, the  tension  of  the  steam  below 
it  will  still  be  -|-,  or  one  atmosphere. 
The  piston  has,  therefore,  been 
raised  to  a  height  of  three  feet,  with  a 
force  progressively  diminishing  from 
four  atmospheres  to  one,  or  with  an 
average  force  of  two  atmospheres,  by  means  of  a  power  acquired 
without  any  consumption  of  steam ;  but  by  the  expansion  merely  of 
steam  that  had  abeady  produced  its  usual  effect."^ 

Fig.  25.  The  boiler  used  to  produce  the 

steam  is  constructed  of  different 
forms.  The  cylinder  boiler,  of 
which  a  section  is  given  in  figure 
25,  was  found  the  most  economi- 
cal for  the  great  steam-en^es 
at  the  Cornish  mines,  and  its 
use  is  extending  in  other  quarters. 
It  consists  of  two  cylinders,  one 
within  the  other,  the  smaller  cy- 
linder containing  the  fire,  and 
the  space  between  the  two  cyhnders  being  occupied  by  the  water. 
The  outer  cylinder  may  be  six  feet  in  diameter,  and  is  often  fifty  or 
sixty  feet  in  length.     The  heated  air  from  the  fire,  after  traversing 

*  For  the  mathematical  theory  of  the  steam-engine,  see  a  Memoir  on  the  Motive 
Power  of  Heat,  by  E.  Clapeyron,  Taylor's  Scientific  Memoii-s,  vol.  i.  p.  347  ;  a  memoir 
on  the  Heat  and  Elasticity  of  Gases  and  Vajwurs,  by  C.  Holtzmanny  ibid.  vol.  iv.  p.  169; 
Experiments  on  the  Expansive  Force  of  Steam,  by  Prof.  G.  Magnus,  ibid.  p.  218  ;  and 
on  the  Force  requisite  for  the  Production  of  Vapours,  by  the  same,  ibid.  p.  235. 
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Fig.  26. 


the  inner  cylinder,  is  conducted  under  the  boiler  by  the  flues  o,  o, 
before  it  is  conveyed  to  the  cliimney. 

In  locomotive  steam-engines,  where  the  principal  object  is  to 
generate  steam  in  a  small  and  compact  apparatus  ^nth  great  rapidity, 
a  different  construction  is  adopted.     Here  the  boiler  consists  of  two 

parts,  a  square  box  with  a  double 
casing  (of  which  a  section  or  end 
view  is  given  in  figure  26),  which 
contains  the  fire  /,  surrounded  by 
a  thin  shell  of  water  in  the  space  e  e, 
between  the  casings ;  and  a  cylinder 
ciy  through  the  lower  part  of  which 
pass  a  number  of  copper  tubes  of 
small  size,  which  communicate  at 
one  end  with  the  fire-box,  and  at 
the  other  wdth  the  cliimney,  and 
form  a  passage  for  the  heated  air 
from  the  fire  to  the  chimney.  By 
means  of  these  tubes,  the  object  is 
accomphshed  of  exposing  to  a  source  of  heat  the  greatest  possible 
quantity  of  surface  in  contact  with  the  water. — (See  Dr.  Lardncr 
on  the  Steam-Engine  :   Cabinet  CyclopcediaJ. 

The  subject  of  distillation  is  a  natural  sequel  to  vaporization ;  but 
it  is  unnecessary  to  enter  into  much  detail.  The  principal  point  to 
be  attended  to  is  the  most  efficient  mode  of  condensing  the  vapour- 
Eigure  27  represents  the  ordinary  arrapgement  in  distilling  a  liquid 
from  a  retort  a,  and  condensing  the  vapour  in  a  glass  flask  h,  which 

is  kept  cool  by  water  dropping  upon 
it  from  a  funnel  above,  c.  The 
condensing  flask  is  covered  by 
bibulous  paper,  so  that  the  water 
falling  upon  it  may  be  made  to  pass 
equally  over  its  surface,  and  it  is 
supported  in  a  basin  likewise  con- 
taining cold  water. 

But  a  much  superior  instrument 
to  the  condensing  flask  is  the  con- 
densing tube  of  Professor  Liebig, 
(fig.  28).  This  is  a  plain  glass 
tube,    /    t,    about  tliirty  inches  in 
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lengthy  and  one  inch  internal  diameter,  which  is  enclosed  in  a  larger 
tube,  h,  of  brass  or  tin-plate,  about  two  feet  long  and  two  inches  in 
diameter,  the  ends  of  which  are  closed  by  perforated  corks,  made 
fast  by  a  mixture  of  wliite  and  red  lead  wdth  a  drying  oil,  a  resinous 
cement  being  useless  for  such  a  junction.  Or,  the  lower  opening 
may  be  contracted  by  a  collar  of  tin-plate,  not  much  wider  than  the 
glass  tube,  and  the  two  be  united  by  a  strong  ring  of  sheet 
caoutchouc.  A  constant  supply  of  cold  condensing  water  from  a 
vessel  a  is  introduced  into  the  space  between  the  two  tubes,  being 
conveyed  to  the  lower  part  of  the  instrument  by  the  funnel  and  tube 
/,  and  flowing  out  from  the  upper  part  by  the  tube  ^.  The  con- 
densed Hquid  drops  quite  cool  from  the  lower  extremity  of  the  glass 
tube,  where  a  vessel  is  placed  to  receive  it.  The  spiral  copper  tube 
or  worm  which  is  used  for  condensing  in  the  common  still  is  com- 
monly made  longer  than  is  necessary,  and,  from  its  form,  cannot  be 
examined  and  cleaned  like  a  straight  tube.  Much  vapour  may  be 
condensed  by  a  small  extent  of  surface,  provided  it  is  kept  cold  by  an 
ample  supply  of  condensing  water. 

I'iG.  29.  Both  the   outer   and 

inner  tube  may  be  of 
glass  in  the  condensing 
apparatus  which  has  been 
described,  and  then  the 
small  tubes  to  bring  and 
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carry  off  the  condensing  water  may  be  made  to  pass  through  openings 
in  the  corks,  which  they  fit,  as  represented  in  figure  29. 


EVAPOUATION  IN  VACUO. 

Water  rises  rapidly  in  vapour  into  a  vacuous  space,  without  the 
appearance  of  ebullition,  at  all  temperatures,  even  at  32°,  and  greatly 
lower.  Its  elastic  force  increases  as  the  temperature  is  elevated,  till 
at  212°  it  is  equal  to  that  of  the  atmosphere,  or  capable  of  supporting 
a  column  of  mercury  thirty  inches  in  height.  Various  other  solid  and 
liquid  substances  emit  vapour  in  similar  circumstances  ;  such  as  cam- 
phor, alcohol,  ether,  and  oil  of  turpentine.  Such  bodies  are  said  to  be 
volatile  J  and  other  bodies,  such  as  marble,  the  metals,  &c.  which 
do  not  emit  a  single  vapour  at  the  tem- 
perEiture  of  the  air,  are  said  to  h^Jixed.  All 
bodies  which  boil  at  low  temperatures  belong 
to  the  volatile  class.  An  accurate  estimate 
of  the  volatility  of  different  bodies  is  obtained 
by  determining  the  elastic  force  of  the  vapour 
which  they  emit  in  the  vacuous  space  above 
the  column  of  mercury  in  the  barometer.  If 
we  pass  up  a  bubble  of  air  into  the  vacuum 
of  the  barometer,  above  the  mercurial  column, 
standing  at  the  time  at  a  height  of  30  inches, 
the  mercury  is  depressed,  we  may  suppose,  to 
the  level  of  29  inches,  or  by  one  inch.  This 
would  indicate  that  the  air,  by  rising  above 
the  mercury,  has  been  expanded  into  tliirty 
times  its  former  bidk,  or  that  the  elastic 
force  of  this  rare  air  is  equal  to  a  column  of 
one  inch  of  mercury.  The  elastic  force  of 
vapour  is  estimated  in  the  same  manner.  A 
few  drops  of  the  hquid  operated  upon  are 
passed  up  into  the  vacuum  above  the  mer- 
curial column,  which  is  depressed  in  pro- 
portion to  the  elastic  force  of  the  vapour.  The  depression  produced 
by  various  liquids  is  very  different,  as  illustrated  in  the  annexed  figure, 
representing  four  barometer  tubes,  in  which  the  mercury  is  at  its 
proper  height  in  No.  1 ;  is  depressed  by  the  vapour  of  water  of  the 
temperature  60°  in  No.  2  ;  and  by  alcohol  and  ether  at  the  same 
temperature  in  Nos.  3  and  4  respectively. 
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The  depression  of  the  mercurial  column  produced  by  water  at  every 
degree  of  temperature^  between  32°  and  212°^  was  first  determined  by 
Dr.  Dalton^  afterwards  by  M.  Kaemtz"^,  and  again  quite  recently  by 
M.  Regnaultf.  The  following  selected  observations  prove  that  the 
elasticity  increases  at  a  very  rapid  rate  with  the  temperature. 

VAPOUR  OF  WATER  IN  VACUO  (EegnauU). 

Tension  in  Millimeters  and  English 
inches  of  Merciuy. 


Teraperat 

ire. 

Ceutig. 

Fahr. 

—30°       . 

—22° 

—25°       . 

—13° 

—20°       . 

^o 

—15°       . 

5° 

-10° 

14° 

—5°       . 

23° 

0°       . 

32° 

5°       . 

41° 

10°       . 

.    50° 

15°       . 

59° 

20°       . 

68° 

25°       . 

nr 

30°       . 

86° 

35°       . 

95° 

60°       . 

140° 

85°       . 

185° 

100°       . 

212° 

Millimeters. 

English  Inches 

0-365 

.     00144 

0-553 

.     0-0218 

0-841 

.     00331 

1-284 

.     00506 

2-078 

.     0-0818 

3131 

.     0-1233 

4-600 

.     0-1811 

6-534 

.     0-2573 

9-165 

.     0-360S 

12-699 

.     0-5000 

17-391 

.     0-6847 

23-550 

.     0-9272 

.     31-548 

.     1-2421 

41-827 

.     1-6468 

148-791 

.     5-8583 

433-041 

.     7-0488 

760-000 

.  29-9220 

The  vapours  of  other  liquids  increase  in  density  and  elastic  force 
with  the  temperature,  as  well  as  the  vapour  of  water ;  but  each 
vapour  appears  to  follow  a  rate  of  progression  peculiar  to  itself  J. 

The  assumption  of  latent  heat  by  such  vapours  is  evinced  in  some 
processes  for  producing  cold.  Water  may  be  frozen  by  the  evapora- 
tion of  ether  in  the  air-pump,  and  a  cold  produced  of  55  degrees 
under  the  zero  of  Eahrenheit  by  the  evaporation  of  that  fluid.  The 
ether  vapour  drives  its  store  of  latent  heat  from  the  remaining  fluid 
and  contiguous  bodies,  which  being  robbed  of  their  heat,  suffer  a  great 
refrigeration.  To  sustain  the  evaporation  of  this  fluid,  it  is  necessary 
to  withdraw  the  vapour  as  it  is  produced  by  continual  pumping.  The 
volatile  liquid,  sulphuret  of  carbon,  substituted  for  ether,  produces 
even  greater  effects. 

*  Kaemtz,  Meteorology,  edited  by  C.  Walker,  p.  69. 

t  Annales  de  Chimic,  3d  ser.  t.  xi.  p.  335  ;  and  t.  xv.  p.  139. 

\  For  the  tension  of  the  vapour  of  mercuiy  at  different  temperatures,  see  a  memoir 
of  M.  Avogadro,  Annales  de  Chimie,  &c.  2  ser.  t.  xlix.  p.  369.  For  other  vapours,  the 
article  Bampf,  in  the  Handworterbuch  der  Chcmie,  &c.  of  Liebig,  Poggendorif,  and 
Wohler ;  and  the  memoir  by  Mr.  Faraday,  On  the  Liquefaction  and  Solidilication  of 
Bodies  generally  existing  as  Gases  (Philos.  Trans.  1845,  p.  155). 
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On  the  same  principle  is  founded  Leslie's  elegant  process  for  the 
freezing  of  water  by  its  o^\ti  evaporation,,  within  the  exhausted  receiver 
of  an  air-pump,  the  evaporation  being  kept  up  by  the  absorbent 
power  of  sulphuric  acid.  A  little  water  in  a  cup  of  porous  stone- 
ware is  supported  over  a 
shallow  basin  containing 
sulphuric  acid  (fig.  31)' 
All  that  is  necessary  is 
to  produce  a  good  ex- 
haustion at  first :  the 
processes  of  evaporation 
and  absorption  then  go 
on  spontaneously,  in  an 
uninterrupted  manner.  Yarious  bodies,  wliich  have  a  powerful 
attraction  for  watery  vapour,  may  be  used  as  absorbents,  such  as 
parched  oatmeal,  the  powder  of  mouldering  whinstone,  and  even  dry 
sole  leather,  by  means  of  any  one  of  which  a  small  quantity  of  water 
may  be  frozen,  during  summer,  in  the  exhausted  receiver  of  an  air 
pump.  No  substance,  however,  is  superior,  in  tliis  respect,  to  con- 
centrated sulphuric  acid.  Wien  this  liquid  becomes  too  dihite  to 
act  powerfully  as  an  absorbent,  it  may  be  rendered  again  fit  for  use, 
by  boiling  it  and  driving  off  the  water.  Ice  might  be  procured  in 
quantity,  in  a  warm  climate,  by  this  process.  The  necessary  vacuum 
would  be  most  easily  commanded,  on  the  large  scale,  by  allowing  the 
receivers  to  communicate  with  a  strong  drum,  filled  with  steam 
wliich  could  be  condensed. 

In  the  Cryo2)horus  of  Dr.  Wollaston,  water  is  also  frozen  by  its 

own  evaporation.     This  instrument  consists  of  two  glass  bulbs,  con- 

FiG.  32.  nected  by  a   tube,   and 

___fA --V       containing  a  portion  of 

6q\  water,  as  represented  in 
^^  the  figure.  The  air  is 
first  entirely  expelled  from  the  instrument  by  boiling  the  water,  in 
both  bulbs,  at  the  same  time,  and  allowing  the  steam  to  escape  by  a 
small  opening  at  the  extremity  of  the  little  projecting  tube  e.  While 
the  instrument  is  entirely  filled  with  steam,  the  point  of  e  is  fused  by 
the  blow-pipe  flame,  and  the  opening  hermetically  closed.  In  expe- 
rimenting with  tliis  instrument,  the  water  is  all  poured  into  one  bulb, 
and  the  other,  or  empty  bulb,  placed  in  a  basin  containing  a  mixture 
of  ice  and  salt.     The  vapom*  in  the  cooled  bulb  is  condensed,  but  its 
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place  is  supplied  by  vapour  from  the  water  in  the  otlier  bulb.  A 
rapid  evaporation  takes  place  in  the  water  bulb,  and  condensation  in 
the  empty  bulb,  till  the  water  in  the  former  bulb  is  cooled  so  low  as 
to  freeze.  The  instrument  derives  its  name  of  the  cryophor a^y  or 
frost-bearer,  from  this  transference  of  the  cold  of  the  bulb  in  the 
freezing  mixture  to  the  bulb  at  a  distance  from  it. 

The  question  arises,  do  those  bodies  which  evaporate  at  a  moderate 
temperature  continue  to  evaporate  at  all  temperatures,  however  low. 
The  opinion  has  prevailed,  that  bodies  wliich  are  decidedly  vaporous 
at  high  temperatures,  such  as  sulphuric  acid  and  mercury,  never  cease 
to  evolve  vapour,  however  far  their  temperature  may  be  depressed, 
although  the  quantity  emitted  becomes  less  and  less,  till  it  ceases  to 
be  appreciable  by  our  senses.  Even  fixed  bodies,  such  as  metals, 
rocks,  &c.,  have  been  supposed  to  allow  an  escape  of  their  substance 
into  air  at  the  ordinary  temperature ;  and  hence  the  atmosphere  has 
been  supposed  to  contain  traces  of  the  vapours  of  all  the  bodies  with 
which  it  is  in  contact.  Certain  researches  of  Mr.  Paraday,  published 
in  the  Philosophical  Transactions  for  1826,  on  the  existence  of  a 
limit  to  vaporization,  establish  the  opposite  conclusion.  Mercury 
was  found  to  yield  a  small  quantity  of  vapour  during  summer,  at  a 
temperature  varying  from  60°  to  80°,  but  in  winter  no  trace  of 
vapour  could  be  detected.  Mr.  Earaday  has  proved  that  several 
chemical  agents,  which  may  be  volatized  by  a  heat  between  300°  and 
400°,  did  not  undergo  the  slightest  evaporation  when  kept  in  a  con- 
fined space  with  water  during  four  years. 

Bodies,  therefore,  cease  all  at  once  to  emit  vapour,  at  some  par- 
ticular temperature.  In  mercury,  this  temperature  lies  between  40° 
and  60°  Fahrenheit.  But  a  progressive  and  endless  diminution  of 
vaporizing  power  is  certainly  more  natural  than  an  abrupt  cessation. 
What  puts  a  stop  to  vaporization  ?  it  may  be  asked.  Liquids,  we 
know,  have  a  certain  attraction  for  their  own  particles,  evinced  in 
their  disposition  to  collect  into  drops.  The  particles  of  solids  are 
attracted  more  powerfully,  and  cohere  strongly  together.  Mr.  Earaday 
is  of  opinion,  that  when  the  vaporizing  power  becomes  weak,  at 
low  temperatures,  it  may  be  overcome  and  negatived  completely  by 
this  cohesive  attraction,  and  no  escape  of  particles  in  the  vaporous 
form  be  permitted. 

This  supposition  is  conformable  with  the  views  of  corpuscular 
pliilosopliy  which  were  entertained  by  Laplace.     According  to  that 
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profound  philosopher,  the  form  of  aggregation  which  a  body  affects 
depends  upon  the  mutual  relation  of  three  forces  :  1.  The  attraction 
of  each  particle  for  the  other  particles  which  surround  it,  which 
induces  them  to  approach  as  near  as  possible  to  each  other.  2.  The 
attraction  of  each  particle  for  the  heat  which  surrounds  the  other 
particles  in  its  neighbourhood.  3 .  The  repulsion  between  the  heat  which 
surrounds  each  particle,  and  that  which  surrounds  the  neighbouring 
particles — a  force  which  tends  to  disunite  the  particles  of  bodies. 
Wlien  the  first  of  these  forces  prevails,  the  body  is  solid ;  if  the 
quantity  of  heat  augments,  the  second  force  becomes  dominant,  the 
particles  then  move  among  each  other  with  facility,  and  the  body  is 
liquid.  While  this  is  the  case,  the  particles  are  still  retained  by  the 
attraction  for  the  neighbouring  heat,  within  the  limits  of  the  space 
which  the  body  formerly  occupied,  except  at  the  surface,  where  the 
heat  separates  them,  that  is  to  say,  occasions  evaporation,  till  the 
influence  of  some  pressure  prevents  the  separation  from  being  effected-. 
When  the  heat  increases  to  such  a  degree  that  the  reciprocal  repul- 
sive force  prevails  over  the  attraction  of  the  particles  for  one  another, 
they  disperse  in  all  directions,  as  long  as  they  meet  no  obstacle,  and 
the  body  assumes  the  gaseous  form.  Berzelius  adds  the  reflection, 
that  if,  in  that  gaseous  state  into  which  Cagnard  de  la  Tour  reduced 
some  volatile  liquids,  the  pressure  does  not  correspond  with  the 
result  of  calculation,  that  difference  may  depend  on  this  :  that,  as  the 
particles  have  not  an  opportunity  to  recede  much,  the  two  first  forces 
continue  always  to  act,  and  oppose  the  tension  of  the  gas,  which  does 
not  establish  itself  in  all  its  power  unless  when  the  particles  are  so 
distant  from  each  other  as  to  be  out  of  the  sphere  of  the  influence  of 
these  forces.^ 


GASES. 

Permanent  gases,  such  as  atmospheric  air,  unquestionably  owe 
their  elastic  state  to  the  possession  of  latent  heat.  But  the  theory 
of  the  similar  constitution  of  gases  and  vapours,  although  supported 
by  strong  analogies,  was  not  generally  adopted  by  chemists,  till  it 
was  experimentally  confirmed  by  Paraday,  who  first  liquefied  several 
of  the  gases. t     His  method  was  to  generate  the  gas  in  one  end  of 

*  Traite  de  Chimie,  par  J.  J.  Berzelius,  t.  i.  p.  85, 

t  PhUosophical  Transactions,  1823,  pp.  160,  189  ;  and  1845,  p.  155. 
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a  strong  glass  tube,  bent  in  the 
middle,  as  represented  (fig.  33) ; 
and  liermetically  sealed.  The  gas 
accumulating  in  a  confined  space, 
comes  to  exert  a  prodigious  pres- 
sure ;  an  effect  of  which  is,  that  a  portion  of  the  gas  itself  condenses 
into  a  h(iuid  in  the  end  of  the  tube  most  remote  from  the  materials, 
Miiich  is  kept  cool  with  that  view.  Considerable  danger  is  to  be 
apprehended  .by  the  operator  in  conducting  such  experiments,  from 
the  bursting  of  the  glass  tubes,  and  the  face  ought  always  to  be  pro- 
tected by  a  wire-gauze  mask  from  the  effects  of  an  explosion.  The 
names  of  the  gases  which  were  liquefied  in  this  manner,  are  sulphu- 
rous acid,  cyanogen,  chlorine,  ammoniacal  gas,  sulphuretted  hydro- 
gen, carbonic  acid,  muriatic  acid,  and  nitrous  oxide ;  which  required 
a  degree  of  pressure  varying,  in  the  different  gases,  from  two  atmos- 
pheres, in  the  first  mentioned,  to  fifty  atmospheres,  in  the  last  men- 
tioned gas,  at  the  temperature  of  45°.  The  liquefaction  of  several 
of  these  gases  has  since  been  effected  by  the  application  of  cold  alone, 
without  compression. 

The  principle  of  Faraday's  condensing  tube  has  been  embodied  in 
the  machine  of  Thilorier  for  the  liquefaction  of  carbonic  acid  gas."^ 
It  consists  (fig.  34)  of  tw^o  similar  cylindrical  vessels  of  wrought 
iron,  a  and  h,  made  exceedingly  strong,  of  the  capacity  of  about 
tln-ee-fourths  of  a  gallon,  each  of  which  is  provided  with  a  peculiarly 
constructed  stopcock,  being  a  spherical  plug  of  lead  on  a  spindle 
which  can  be  screwed  down,  by  turning  the  handle  above,  into  a 
spherical  cavity  of  brass-work,  having  at  its  base  a  tubular  opening 
into  the  cylinder,  which  is  thus  closed  There  is  also  a  coimecting 
tube  of  copper  e,  the  ends  of  Avhicli  can  be  attached  by  screws  to  the 
discharging  orifices  of  the  stopcocks,  so  as  to  unite  the  two  cylinders 
when  necessary.  The  stopcock  being  removed  from  one  of  the 
cylinders  a,  which  is  called  the  generator,  a  charge  is  introduced, 
consisting  of  two  pounds  of  pulverulent  bicarbonate  of  soda  and 
three  pounds  of  water  at  the  temperature  of  90°.  After  stirring 
these  well  together  with  a  wooden  rod,  a  quantity  amounting  to  one 
pound  three  ounces  of  undiluted  oil  of  vitriol  is  added,  the  latter 
being  contained  in  a  long  cylindrical  vessel  of  brass,  sufficiently 
narrow  to  enter  the  generator,  into  which  it  is  carefully  let  down  by 
a  hook  without  spilling.     The  stopcock  being  now  applied  to  the 

*  Annales  tie  Chimie,  &c.  1835,  Ix.  427,  432. 
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mouth  of  the  generator,  and  firmly  screwed  down  upon  it,  with  the 
intervention  of  a  leaden  washer,  the  generator  is  turned  round  upon 
its  supporting  pivots,  so  as  completely  to  invert  it ;  the  brass  measure 
within  is  thus  canted  over,  and  the  acid  which  it  contained  mixed 
with  the  solution  of  soda.  The  carbonic  acid  of  the  salt,  which 
amounts  to  half  its  weight,  is  thus  disengaged,  and  accumulates  with 
great  elastic  force  in  the  vacant  part  of  the  generator.  The  charge 
of  gas  is  then  transferred  to  the  other  large  cylinder,  wliicli  is  used 
as  a  receiver,  by  attacldng  it  to  the  generator  by  the  connecting  tube, 
and  after  the  lapse  of  five  minutes,  opening  the  stopcocks  of  both. 
It  is  advisable  to  have  a  woollen  case  or  bag  about  the  receiver,  to- 
hold  fragments  of  ice  for  cooling  it.  The  cylinders  may  again  be 
separated,  after  shutting  the  stopcocks,  and  the  same  operations 
repeated.  After  two  or  three  charges  of  gas  are  conveyed  into  the 
receiver,  the  pressure  of  the  latter  becomes  sufficient  to  liquefy  the 
gas ;  and  after  five  or  six  charges  the  receiver  may  contain  several 
pints  of  hquid  carbonic  acid.  The  receiver  being  finally  detached 
is  set  aside,  and  the  liquid  it  contains  preserved  for  use. 

Wlien  tliis  highly  volatile  liquid  is  allowed  to  escape  into  air  it 
evaporates  so  readily  that  one  portion  is  instantly  resolved  into  gas, 
and  another  portion  is  cooled  so  low  by  the  heat  thus  abstracted  as  to 
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freeze.  Prom  the  stopcock  of  the  receiver  h,  a  small  tube,  shewn  in 
the  figure,  descends  to  near  the  bottom  and  dips  into  the  liquid ;  so 
that  upon  opening  the  former  it  is  the  liquid,  and  not  gaseous 
carbonic  acid,  which  escapes.  A  nozzle,  d,  being  appHed  to  the 
receiver,  the  stream  of  liquid  is  directed  into  a  small  cylindrical  box 
of  thin  copper,  c,  with  hollow  wooden  handles,  which  is  soon  filled 
with  soKd  carbonic  acid,  in  the  form  of  a  white  substance  like 
snow,  or  more  closely  resembhng  anhydrous  phosphoric  acid,  from 
its  opacity  and  entire  want  of  crystallization. 

Solid  carbonic  acid  is  a  very  bad  conductor  of  heat,  and  may, 
therefore,  be  handled  without  injury,  although  its  temperature  is 
supposed  to  besolowas — 100°C.,or — 148°rahr.;  and  also  preserved 
in  the  air  for  hours,  if  a  considerable  mass  of  it  in  a  glass  vessel  be 
placed  within  another  similar  and  larger  glass  vessel,  with  any  non- 
conducting material  between  them.  When  applied  to  produce  cold, 
in  order  to  give  it  contact  the  soHd  carbonic  acid  is  mixed  with  a 
little  ether,  with  which  it  unites  and  forms  a  soft  semifluid  mass 
like  half  melted  snow,  capable  of  abstracting  heat  and  evaporating 
rapidly,  by  means  of  which  mercury  can  be  frozen  in  large  quantities, 
and  an  alcohol  thermometer  sunk  in  the  open  air  so  low  as  — 135" 
(Tliilorier) .  The  apparatus  of  Thilorier  forms  thus  an  invaluable  cold- 
producing  machine. 

Mr.  Earaday  has  since  produced  a  still  lower  degree  of  cold  by 
placing  a  bath  of  Tliilorier' s  mixture  of  solid  carbonic  acid  and  ether 
in  the  receiver  of  an  air-pump,  from  which  the  air  and  gaseous  carbonic 
acid  were  rapidly  removed.  The  bath  consisted  of  an  earthenware 
dish  of  the  capacity  of  four  cubic  inches  or  more,  which  was  fitted  into 
a  similar  dish  somewhat  larger,  with  three  or  four  folds  of  dry  flannel 
intervening ;  with  the  mixture  in  the  inner  dish  such  a  bath  lasted 
for  twenty  or  thirty  minutes,  retaining  solid  carbonic  acid  the  whole 
time.  An  alcohol  thermometer  placed  in  the  bath,  merely  covered 
with  paper,  fell  to  — 100°;  and  in  the  air-pump  receiver,  exhausted  to 
within  1*2  inch  mercury  of  a  vacuum,  the  thermometer  fell  to  — 166°; 
or  a  cold  of  60  degrees  additional  was  produced  by  promoting  the 
evaporation  in  this  manner.  At  this  low  temperature  the  solid  car- 
bonic acid  mixed  with  ether,  was  not  more  volatile  than  water  at  the 
temperature  of  86°,  or  alcohol  at  ordinary  temperatures. 

By  combining  this  extreme  cooling  power  with  the  effect  of 
mechanical  pressure  upon  gases,  several  most  interesting  results  were 
obtained.     To  produce  the  pressure,  Mr.  Faraday  employed  two  con- 
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densing  s^Tinges,  fixed  to  a  table,  the  first  having  a  piston  of  an  inch 
in  diameter,  and  the  second  a  piston  of  only  half  an  inch  in  diameter ; 
and  these  were  so  associated  by  a  connecting  pipe,  that  the  first  pump 
forced  the  gas  into  and  through  the  valves  of  the  second,  and  then 
the  second  could  be  employed  to  throw  forward  this  gas,  already  con- 
densed to  ten  or  twenty  atmospheres,  into  its  final  recipient,  the 
condensing  tube,  at  a  much  higher  pressure. 

The  condensing  tubes  were  of  green  bottle  glass,  being  from  -^th  to 

■|th  of  an  inch  external  diameter,  and  from  -^d  to  -g^th  of  an  inch 

in  thickness.     They  were  of  two  kinds,  about  nine  and  eleven  inches 

in  length  :   one,  in  form  Hke  an  inverted  syphon  (fig.  35),  could  have 

the  bend  cooled  by  immersion  into  a  cold  bath,  and  the 

Fig   35 

other,  horizontal  (fig.  36),  having  a  curve  downward 
near  one  end  to  be  cooled  in  the  same  manner.  Into 
the  longest  leg  of  the  syphon  tube,  and  the  straight  part 
of  the  horizontal  tube,  minute  pressure  gauges  were 
introduced  when  required.  The  caps,  stopcocks,  and 
connectors,  were  attached  to  the  tubes  by  common 
cement,"^  and  the  screw  joints  made  tight  by  leaden 

U         washers. 
With   the  apparatus   described,  olefiant  gas,  which 
had  not  previously  been  liquefied,  was  condensed  into  a 
colourless  transparent  fluid,  but  did  not  become  soHd  at 
the  lowest  temperature.   The  tension  of  its  vapour  was  4*6  atmospheres 
at  — 105°,  and  26*9  atmospheres  at  0°  Tahr. ;   but  Mr.  Faraday  is 
Fig.  36.  doubtful  whether  the 

condensed  fluid  can 
be  considered  as  one 
uniform  body.  Hy- 
driodic  acid  gas,  which  is  easily  liquefied,  having  a  tension  of  2*9 
atmospheres  only  at  0°  Fahr.,  was  found  to  freeze  at  — 60°,  and  to  form 
a  clear,  colourless  solid,  resembHng  ice.  Hydrobromic  acid  became  a 
sohd  crystalline  body  at  — 124°.  Fluosilicic  acid  gas  liquefied  under 
a  pressure  of  about  9  atmospheres,  at  about  160°  below  zero,  and  was 
then  clear,  transparent,  colourless,  and  very  fluid,  hke  hot  ether ;  it 
did  not  freeze  at  any  temperature  to  which  it  coidd  be  submitted ; 
it  has  since  been  solidified  by  M.  Natterer.  The  results  obtained 
with  fluoboric  acid  were  similar.  Phosphuretted  hydrogen,  subjected 
to  high  pressure,  was  condensed  into  a  colourless  liquid  by  the  most 

*  Five  parts  of  resin,  one  part  of  yellow  bees'  wax,   and  one  part  of  red  ochre,  by 
weight,  melted  together. 
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intense   degree   of  cold  attainable,   but  was  not  solidified   by  any 
temperature  applied. 

Of  gaseous  bodies  previously  condensed,  hydrochloric  acid  did 
not  freeze  at  the  lowest  attainable  temperature;  the  tension  of  its 
vapour  was  1*8  atmospheres  at  — 100°,  15*04  atmospheres  at  0°, 
26-20  atmospheres  at  32°.  and  30'67  atmospheres  at  40°. 
Sulphurous  acid  became  a  crystalline,  transparent,  and  colourless  soHd 
body  at  — 105°;  the  pressure  of  the  vapour  of  liquid  sulphurous  was 
0*725  atmospheres  at  0°  Tahr.,  1*53  atmospheres  at  32°,  2  atmos- 
pheres at  46*°5,  3  atmospheres  at  68°,  4  atmospheres  at  85° 
5  atmospheres  at  98°,  and  6  atmospheres  at  110°. 

Sulphuretted  hydrogen  solidified  at — 122°,  forming  a  white  crystal- 
line translucent  substance,  more  Hke  nitrate  of  ammonia  solidified 
from  the  melted  state,  or  camphor,  than  ice.  The  pressure  of  the 
vapour  from  the  solid  is  not  more,  probably,  than  0*8  of  an  atmos- 
phere, so  that  the  liquid  allowed  to  evaporate  in  the  air  would  not 
soHdify  as  carbonic  acid  does.  The  tension  of  sulphuretted  hydrogen 
vapour  was  1*02  atmosphere  at  — 100°,  2  atmospheres  at — 58°,  6*1 
atmospheres  at  0°,  9*94  atmospheres  at  30°,  and  14*6  atmospheres 
at  52°,  which  form  a  progression  considerably  different  from  that  of 
water  or  carbonic  acid. 

Mr.  Faraday  observed,  that  when  carbonic  acid  is  melted  and 
resolidified  by  a  bath  of  low  temperature,  it  appears  as  a  clear  trans- 
parent crystalline  colourless  body,  like  ice.  It  melts  at  — 7  0°  or  — 7  2°, 
and  the  solid  carbonic  acid  is  heavier  than  the  Kquid  bathing  it.  The 
solid  or  liquid  carbonic  acid,  at  this  temperature,  has  a  pressure  of 
5*33  atmospheres.  Hence  the  facility  with  which  liquid  carbonic 
acid,  when  allowed  to  escape  into  air,  exerting  only  a  pressure  of  one 
atmosphere,  freezes  a  part  of  itseK  by  the  evaporation  of  another  part. 
The  following  are  the  pressures  of  the  vapours  of  carbonic  acid  which 
Mr.  Faraday  has  obtained  : 


CARBONIC    ACID    VAPOUR. 


Temp.  Fahr.                  Tension  in  Atmo- 

Temp.  Fahr. 

Tension  in  Atmo 

spheres. 

spheres. 

—111° 

114 

—15°       . 

.       17-80 

—107       . 

1-36 

—  4 

.      21-48 

—  95       . 

2-28 

0 

.       22-84 

—  83        . 

3-60 

5 

.      24-75 

—  75        . 

4-60 

10        . 

.       26-82 

—  56       . 

6-97 

15 

.       29-09 

—  34       . 

.       12-50 

23       . 

.       3315 

—  23        . 

15-45 

32       . 

38-50 

74  GASES. 

Nitrous  oxide  was  obtained  solid,  as  a  beautiful  clear  crystalline 
colourless  body,  by  a  temperature  estimated  at  about  — 150°,  when  the 
pressure  of  its  vapour  was  less  than  one  atmosphere.  Mr.  Faraday 
believes  that  liquid  nitrous  oxide  may  be  used  instead  of  carbonic 
acid,  to  produce  degrees  of  cold  far  below  those  which  the  latter  body 
can  supply.  This  idea  was  verified  by  M.  batterer,  who  has  liquefied 
nitrous  oxide,  and  several  other  gases,  by  mechanical  compression. 
He  found  that  liquid  nitrous  oxide  may  be  mixed  with  sulphuret  of 
carbon  in  all  proportions,  and  on  placing  a  mixture  of  these  two 
liquids  under  the  receiver  of  an  air-pump,  he  saw  an  alcohol  ther- 
mometer fall  to  — 140°  C,  or  — 240°  Tahr. ;  at  this  extremely  low 
temperature  neither  chlorine  nor  the  sulphuret  of  carbon  lost  its 
fluidity.  He  also  succeeded  in  freezing  liquid  fluosibcic  acid  by  the 
same  means  (Poggendorff^s  Annalen,  t.  xii.  p.  132  :  and  Liebig's 
Annalen,  t.  liv.  p.  254.)  The  tension  of  its  vapour  was  observed  by 
Earaday  to  be,  atmosphere  at  — 125°,  19*34  atmospheres  at  0°,  and 
33*4  atmospheres  at  35°. 

Liquid  cyanogen,  when  cooled,  becomes  a  transparent  crystalline 
soHd,  as  Bussy  and  Bunsen  had  previously  observed,"^  which  liquefies 
at  — 30°.  The  tension  of  its  vapour  was  1*25  atmospheres  at  0°,  2.37 
atmospheres  at  32°,  and  6' 9  atmospheres  at  63°. 

Ammonia  formed  a  white,  translucent,  crystalline  solid,  melting  at 
— 103°.  The  density  of  the  Hquid  was  0.731  at  60°;  its  tension 
2*48  atmospheres  at  0°,  4*44  atmospheres  at  32°,  and  6*9  atmos- 
pheres at  60°. 

Arsenietted  hydrogen,  which  was  liquefied  by  Dumas  and  Soubeirau, 
did  not  soHdify  at  — 166°.  The  tension  of  its  vapour  was  0-94  atmo- 
spheres at  — 75°,  5*21  atmospheres  at  0°,  8*95  atmospheres  at  32°,  and 
13-19  atmospheres  at  60°. 

The  foUomng  gases  showed  no  signs  of  liquefaction  when  cooled 
by  the  carbonic  acid  bath  in  vacuo,  at  the  pressures  expressed : — 

Atmospheres. 

Hydrogen  at  ......         27 

Oxygen  58-5 

Nitrogen  50 

Nitric  oxide 50 

Carbonic  oxide .40 

Coal  gas  32 

Several  gases  were  submitted  by  M.  G.  Aime  to  still  liigher  pres- 
sures, rising  for  nitrogen  and  hydrogen  gases  to  220  atmospheres, 

*  For  Bmiseu's  results  on  the  liquefaction  of  several  of  the  gases,  see  BibUothcque 
IJnivcrscllc,  1839,  t.  xxxii.  p.  185. 
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by  immersion  in  the  depths  of  the  sea^  where  the  results  under 
pressure  could  not  be  observed."^  Most  of  them  were  diminislied  in 
bulk  in  a  ratio  greatly  exceeding  the  pressure ;  but  this  has  been 
shown  to  be  often  the  case  whilst  the  substance  retains  the  gaseous 
form.  No  sufficient  evidence  of  the  liquefaction  of  any  of  the  gases 
just  enumerated  has  yet  been  produced.  The  same  may  be  said  of 
light  carburetted  hydrogen.  At  the  lowest  temperatures  attainable, 
alcohol,  ether,  sulphuret  of  carbon,  chloride  of  phosphorus,  and 
chlorine,  also  retained  the  liquid  form. 

Sir  H.  Davy  threw  out  the  idea  that  the  prodigious  elastic  force  of 
the  liquid  gases  might  be  used  as  a  moving  power.  But  supposing 
the  application  practicable,  it  may  be  doubted,  from  what  we  know  of 
the  constancy  of  the  united  sum  of  the  latent  and  sensible  heat  of 
high  pressure  steam,  whether  any  saving  of  heat  would  be  effected  by 
such  an  application  of  the  vapours  of  these  fluids. 

All  gases  whatever  are  absorbed  and  condensed  by  water  in  a 
greater  or  less  degree,  in  which  case  they  certainly  assume  the  liquid 
form.  The  quantity  condensed  is  widely  different  in  the  different 
gases ;  and  in  the  same  gas  the  quantity  condensed  depends  upon  the 
pressure  to  which  the  gas  is  subject,  and  the  temperature  of  the 
absorbing  water.  Dr.  Henry  proved  that  witli  carbonic  acid  gas 
the  volume  absorbed  by  water  is  the  same,  whatever  be  the  pressure 
to  which  the  gas  is  subject.  Hence,  we  double  the  weight  or  quantity 
of  gas  absorbed,  by  subjecting  it,  in  contact  with  water,  to  the 
pressure  of  two  atmospheres ;  and  this  practice  is  adopted  in  impreg- 
nating water  with  carbonic  acid,  to  make  soda-water.  The  colder 
the  water,  the  gTeater  also  the  quantity  of  gas  absorbed. 

In  the  physical  theory  of  gases,  they  are  assumed  to  be  expansible  to 
an  indefinite  extent,  in  the  proportion  that  pressure  upon  them  is 
diminished,  and  to  be  contractible  under  increased  pressure  exactly  in 
proportion  to  the  compressing  force — the  well-known  law  of  Mariotte. 
The  bulk  of  atmospheric  air  has  been  found  rigidly  to  correspond 
with  this  law,  when  it  was  expanded  to  300  volumes,  and  also  when 
compressed  into  1 -25th. of  its  primary  volume.  But  there  is  reason 
to  doubt  whether  the  law  holds  with  absolute  accuracy,  in  the  case  of 
a  gas  either  in  a  state  of  extreme  rarefaction,  or  of  the  greatest  density. 
Thus  atmospheric  air  does  not  appear  to  be  indefinitely  expansible,  as 
the  law  of  Mariotte  would  require ;  for  there  is  certainly  a  limit  to 
the  earth^s  gaseous  atmosphere,  and  it  does  not  expand  into  all  space. 
Dr.  Wollaston  supposed  that  the  material   particles  of  air  are  not 

*  Annales  cle  Cliimic,  &c.,  1843,  t.  viii.  p.  275. 
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indej&nitely  minute,  but  have  a  certain  magnitude  and  weight.  These 
particles  are  under  the  influence  of  a  powerful  mutual  repulsion,  as  is 
always  the  case  in  gaseous  bodies,  and,  therefore,  tend  to  separate 
from  each  other ;  but  as  tliis  repulsive  force  diminishes  as  the  distance 
of  the  particles  from  each  other  increases.  Dr.  AYollaston  imagined 
that  the  weight  of  the  indi\ddual  particles  might  come  at  last  to 
balance  it,  and  thus  prevent  their  further  divergence,  j.  On  this  view, 
which  is  probable  on  other  grounds,  the  expansion  of  a  gas,  caused 
by  the  removal  of  pressure,  will  cease  at  a  particular  point  of  rarefac- 
tion, and  the  gas  not  expanding  farther,  will  come  to  have  an  upper 
surface,  like  a  liquid.  The  earth^s  atmosphere  has  probably  an  exact 
limit,  and  true  surface. 

The  deviation  from  the  law  of  ^Mariotte,  in  gases  under  a  greater 
pressure  than  that  of  the  atmosphere,  has  been  distinctly  observed  in 
the  more  liquefiable  gases.  Thus,  Professor  Oersted,  of  Copenhagen, 
found  that  sulphurous  acid  gas  diminishes,  under  increased  pressure, 
more  rapidly  than  common  air.  The  volumes  of  atmospheric  air  and 
of  the  gas  were  equal  at  the  following  pressures  : — 

Pressui-e  upon  air  in  Pressure  upon  sulphurous 

atmosplieres.  gas  in  atmospheres. 

1  ....  1 

1.175  ....  1.173 

2.821  ....  2.782 

3.319  ....  3.189 

It  will  be  observed  that  less  pressure  always  suffices  to  reduce  the 
sulphurous  acid  gas  to  the  same  bulk  than  is  required  by  air.  If  tlie 
pressure  upon  the  air  and  gas  were  made  equal,  then  the  gas  would 
be  compressed  into  less  bulk  than  the  air,  and  deviate  from  the  law 
of  Mariotte.  Despretz  observed  an  equally  conspicuous  deviation  from 
tliis  law  under  increasing  pressures,  in  several  other  gase?,  particu- 
larly sulphuretted  hydrogen,  cyanogen,  and  ammonia,  which  are  all 
easily  liquefied.  There  is  no  reason,  however,  to  suppose  that  any 
partial  liquefaction  of  the  gases  occurs  under  the  pressure  apphed  to 
them  in  such  experiments.  They  remain  entirely  gaseous,  and  their 
superior  compressibility  must  be  referred  to  a  law  of  their  constitu- 
tion. It  is  the  phenomenon  beginning  to  show  itself  in  a  gas  under 
moderate  pressure,  Avhich  was  observed  in  all  its  excess  by  Cagnard 
de  la  Tour,  in  the  vapours  confined  by  him  under  great  pressure 
(page  55). 
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Those  gases  M'hich  exhibit  tliis  deviation  must  occupy  less  bulk 
than  they  ought  to  do  under  the  pressure  of  the  atmosphere  itself; 
which  may  be  the  reason  why  the  liquefiable  gases  are  generally  found 
by  experiment  specifically  heavier  than  they  ought  by  theory  to  be. 

M.  Eegnault  accordingly  finds,  that  at  the  temperature  of  32°,  and 
under  more  feeble  pressures  than  that  of  the  atmosphere,  carbonic 
acid  deviates  from  the  law  of  Mariotte  in  a  marked  manner;  while  it 
appears  to  follow  that  law  when  heated  to  212°  under  more  feeble 
pressures  than  that  of  the  atmosphere. 

The  density  of  carbonic  at  32°  (air  =  1000)  was  : 

Under  the  pressure  of  760  millimeters  (30  inclics)  15^.10 

374.13 1523.66 

224.17     ......     1521.45 

The  density  of  the  gas  at  212°  (that  of  air  at  the  same  temperature 
being  1000)  was: 

Under  the  pressm*e  of  760  millimeters  (30  inches)  1524.18 
338.39         1524.10 

The  theoretical  density  of  carbonic  acid,  calculated  in  a  manner 
which  shall  be  afterwards  explained,  and  taking  for  the  atomic  weight 
of  carbon  the  number  6,  is  1520.24;  to  wliich  the  numbers  for 
the  density  of  the  gas  under  greatly  reduced  pressures  appear  to  be 
converging.  M.  Eegnault  verified  at  the  same  time  the  exactness 
of  the  law  of  Mariotte  for  atmospheric  air.  (Annales,  xiv.  227,  and 
234.) 

Such  are  the  most  remarkable  features  which  gases  exhibit  in  rela- 
tion to  pressure  and  temperature.  These  properties  are  independent 
of  the  specific  weights  of  the  gases,  which  are  very  different  in  the 
various  members  of  the  class,  and  they  are  but  little  connected  with 
the  nature  of  the  particular  substance  or  material  which  exists  in  the 
gaseous  form.  But  when  gases  differing  in  composition  are  pre- 
sented to  each  other,  a  new  property  of  the  gaseous  state  is  deve- 
loped, namely,  the  forcible  disposition  of  dissimilar  gases  to  intermix, 
or  to  diff'use  themselves  through  each  other.  This  is  a  property 
which  interferes  in  a  great  variety  of  phenomena,  and  is  no  less  cha- 
racteristic of  the  gaseous  state  than  any  we  have  considered.  It  ap- 
pears in  the  spontaneous  difiusion  of  gases  through  each  other,  and 


78  EFFUSION  OP  GASES. 

in  tlie  diffusion  of  vapours  into  gases^  or  the  ascent  of  vapours 
from  volatile  bodies  into  air  and  other  gases,  of  which  the  sponta- 
neous evaporation  of  water  into  the  air  is  an  instance.  Eelated 
closely  to  this  subject,,  and  preliminary  to  its  consideration,  is  the 
passage  of  different  gases  into  a  vacuum,  through  a  small  aperture, 
which  takes  place  with  different  degrees  of  facility ;  with  their  rates  of 
transmission  by  capillary  tubes.  Tlie  whole  may  be  briefly  treated 
under  the  heads  of,  (1)  Effusion  of  gases  (their  pouring  out),  by 
which  I  express  their  passage  into  a  vacuum  by  a  small  aperture  in  a 
thin  plate;  (2)  Transpiration  of  gases,  or  their  passage  through  tubes 
of  fine  bore  of  greater  or  less  length ;  (3)  The  diffusion  of  gases;  and 
(4)  Evaporation  in  air. 

EFFUSION  OF  GASES. 

The  specific  weights,  or  weights  of  an  equal  measure,  of  the  dif- 
ferent gases  vary  exceedingly.  The  numbers  representing  these 
weights  are  always  referred  to  the  weight  of  a  gas,  generally  air,  as 
1  or  1000,  instead  of  water,  wliicli  is  the  standard  comparison  for 
liquids  and  solids.  The  operation  of  taking  the  specific  gravity  of  a 
gas  is  simple  in  principle,  but  the  accurate  execution  of  it  attended 
■pj^  g«  with  great  practical  difficulties.     A 

light  glass  globe  g  (fig.  37)  from  50 
to  100  cubic  inches  in  capacity,  is 
weighed  full  of  air,  then  exhausted 
by  an  air-pump  and  weighed  empty, 
the  loss  being  taken  as  the  weight 
of  its  volume  of  air.  It  is  then, 
in  its  exhausted  state,  united  with 
a  beU-jar  c,  containing  the  gas 
to  be  weighed  and  standing  over 
a  mercurial  trough,  by  a  union 
screw  between  the  stopcocks  d 
and  e  of  the  two  vessels ;  and  filled  with  the  gas,  which  rushes  from 
the  jar  to  the  vacuous  globe  on  opening  both  stopcocks.  A  supply 
of  gas  is  conveyed  to  the  jar  by  the  bent  tube  h,  after  being  deprived 
of  moisture  by  passing  through  a  drying  tube  a,  containing  frag- 
ments of  chloride  of  calcium.  The  globe  is  agfiin  weighed  when  fuU  of 
gas  of  the  atmospheric  pressure  and  temperature,  and  the  weight  of  a 
volume  of  the  gas  obtained  by  deducting  the  weight  of  the  vacuous 
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globe.  The  specific  gravity  is  then  calculated  by  the  proportion, 
as  the  weight  of  air  first  found,  to  the  weight  of  gas,  so  1.000  (density 
of  air),  to  a  number  which  expresses  the  density  of  the  gas  required. 
MM.  Dumas  and  Boussingault,  in  their  late  careful  observations  of 
the  density  of  oxygen,  nitrogen,  and  hydrogen,  employed  a  capacious 
glass  globe,  of  which  the  cubic  contents  were  first  ascertained  by 
measuring  in  an  accurate  manner  the  volume  of  water  required  to  fill 
it  (Annales,  &c.  viii.  201).  In  the  refined  experiments  of  M. 
Reguault,  lately  pubhshed,  a  light  glass  balloon  of  about  ten  litres  or 
616  cubic  inches  in  capacity,  was  employed  as  the  weighing  globe. 
It  was  counterpoised,  when  weighed,  by  a  similar  globe  formed  of  the 
same  glass ;  by  which  arrangement  numerous  and  somewhat  uncer- 
tain corrections  for  variations  in  the  density,  temperature,  and  hygro- 
metric  state  of  the  air,  during  the  continuance  of  an  experiment,  the 
film  of  moisture  which  adheres  to  glass,  and  the  displacement  of  air 
by  the  solid  materials  of  the  balloon,  were  entirely  avoided.* 

The  following  tables  exhibit  the  specific  gravity  of  those  gases  to 
which  reference  will  most  frequently  be  made,  air  being  taken  as  the 
standard  of  comparison  in  the  first  table,  and  oxygen  in  the  second. 
To  each  specific  gravity  is  added,  in  a  second  column,  the  square  root 
of  the  immber,  and  in  a  third  column  1  divided  by  the  square 
root,  or  the  reciprocal  of  the  square  root. 

TABLE  I.       DENSITY  OF  GASES,    AIR  =  1. 


Nitrogen 

Oxygen 

Hydrogen 

Carbonic  acid  .... 
Carbonic  oxide  .... 
liight  carburcttcd  hydrogen 

defiant  gas 

Nitrous  oxide      .... 

Nitric  oxide 

Sulphuretted  hydrogen 
Chlorine 


DENSITY. 


0.97137 

1.10563 

0.06926 

1.52901 

0.9712 

0.5519 

0.9712 

1.5261 

1.0405 

1.1793 

2.4573 


SQUARE  ROOT 

OF 

DENSITY. 


0.9856 

1.0515 
0.2632 
1.2365 
1.9855 
0.7449 
0.9855 
1.2353 
1.0205 
1.0860 
1.5676 


1 

AUTHO- 

SQUARE ROOT. 

RITY. 

1.0147 

Regnault. 

0.9510 

" 

3.7994 

c< 

0.8087 

t( 

1.0147 

Calculated. 

1.3424 

" 

1.0147 

<c 

0.8095 

" 

0.9799 

" 

0.9208 

<t 

0.6379 

" 

*  Aimales  de  Chimie,  &c.  1845,  t.  xiv.  211. 
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TABLE  II.        DENSITY  OF  GASES^  OXYGEN  =  1. 


SaUARE 

1 

GASES. 

DENSITY, 

ROOT   OF 
DENSITY. 

SaUARE 
ROOT. 

AUTHORITY. 

Air 

0.9038 

0.9507 

1.0518 

Regnault. 

Nitrogen 

0.8785 

0.9373 

1.0669 

" 

Hydrogen 

0.6626 

0.2502 

3.9968 

" 

Carbonic  acid    .... 

1.3830 

1.1760 

0.8503 

" 

Cai-bonic  oxide      .     . 

0.8750 

0.9354 

1.0691 

Calculated. 

Light   carbnretted    hy-  "^ 
di-ogenCH^.      .     .     ) 

0.5000 

0.7071 

1.4142 

" 

Olefiant  gas      ... 

0.8750 

0.9354 

1.0691 

" 

Nitrous  oxide    .... 

1.3750 

1.1705 

0.8545 

" 

Nitric  oxide      .... 

0.9375 

0.9682 

1.0328 

(t 

Sulphuretted  hydrogen     . 

1.0625 

1.0308 

8.9701 

<t 

Chlorine 

2.2129 

1.4876 

0.6722 

A  jar  on  the  plate  of  an  air-pump  is  kept  vacuous  by  continued 
exhaustion,  and  a  measured  quantity  of  air,  or  any  other  gas,  al- 
lowed to  find  its  way  into  the  vacuous  jar  through  a  minute  aperture 
in  a  thin  metaUic  plate,  such  as  platinum  foil,  made  by  a  fine  steel 
point,  and  not  more  than  l-300dth  of  an  inch  in  diameter.  With 
an  imperfect  exhaustion,  it  is  found  that  the  velocity  with  which  the 
gas  flows  into  the  jar  rapidly  increases  till  the  aspiration  power  or 
degree  of  exhaustion  amounts  to  about  one-third  of  an  atmosphere. 
Higher  degrees  of  exhaustion  do  not  produce  a  corresponding  increase 
of  velocity,  and  the  difference  of  an  inch  of  the  mercurial  column  of 
the  gauge  barometer  scarcely  affects  the  rate  at  which  the  gas  enters, 
when  the  vacuum  is  nearly  complete,  and  the  pressure  to  which  the 
gas  is  subject  approaches  that  of  a  whole  atmosphere.  By  a  perfo- 
rated plate  such  as  described,  60  cubic  inches  of  dry  air  entered  the 
vacuous,  or  nearly  vacuous  air-pump  receiver,  in  about  1000  seconds, 
and  in  successive  experiments  the  time  of  passage  did  not  vary  more 
than  one  or  two  seconds. 

The  time  of  passage  into  a  vacuum  of  a  constant  volume  varied 
in  the  different  gases,  the  lightest  passing  in  the  shortest  time.  The 
time  corresponded  very  closely  for  each  gas  with  the  square  root  of 
its  density.  Thus  the  square  root  of  the  density  of  oxygen  being 
1.0515,  and  that  of  air  1,  (Table  I.),  the  time  of  passage  of  the 
constant  volume  of  oxygen  was  observed  to  be  1.0519,  1.0519, 
1.0506,  ]  .0502,  in  experiments  made  on  different  occasions,  the  time 
of  passage  of  the  same  volume  of  air  being  1.     Compared  with  the 
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time  of  the  passage  of  a  constant  volume  of  oxygen  taken  as  1,  the 
time  of  hydrogen  was  0.2631,  instead  of  0.25  (Table  II.);  the  time 
of  nitrogen  was  0.9365  and  0.9345,  instead  of  0.9373  ;  the  time  of 
carbonic  oxide,  of  which  the  tlieoretical  density  is  the  same  as  the 
last  gas,  was  0.9345,  instead  of  0.9354 ;  of  carburetted  hydrogen 
0.7023,  instead  of  0.7071;  of  carbonic  acid  1.1675,  instead  of 
1.1705.  The  time  of  nitrous  oxide  was  always  the  same,  as  nearly  as 
could  be  observed,  as  that  of  carbonic  acid ;  while  these  two  gases 
have  the  same  specific  gravity.  For  gases  which  do  not  differ  greatly 
from  air  in  specific  gravity,  the  times  correspond  so  closely  with  the 
law,  that  the  densities  of  these  gases,  it  appears,  might  be  deduced  as 
accurately  from  an  effusion  experiment  as  by  actually  weigliing  them. 
The  sensible  deviation  from  the  law  in  the  times  of  both  the  very 
light  and  very  heavy  gases  can  be  shown  to  be  occasioned  by  the 
tubularity  of  the  aperture  arising  from  the  unavoidable  thickness  of 
the  metallic  plate. 

The  times  of  passage  into  a  vacuum  of  equal  volumes  of  different 
gases  varying,  then,  as  the  square  root  of  their  densities,  the  velocities 
of  passage  will  consequently  be  in  the  inverse  proportion,  or  as  I 
divided  by  the  square  root  of  the  gas.  Tliis  is  the  physical  law  of 
the  passage  of  fluids  generally  under  pressure,  wliich  has  been  long 
established  for  Kquids  of  different  densities  by  observation,  but  had 
not  previously  received  an  experimental-  verification  in  the  case  of 
gases. 

Mixtures  of  nitrogen  and  oxygen  in  different  proportions  were 
found  to  have  the  mean  rate  of  their  constituent  gases.  This  is  also 
true  of  mixtures  of  carbonic  acid,  nitrous  oxide,-  and  carbonic  oxide, 
with  each  other  or  with  the  preceding  gases.  But  hydrogen  and 
carburetted  hydrogen  lose  more  or  less  of  their  peculiar  rate,  and  pass 
slower,  when  mixed  with  other  gases.  Thus  the  time  of  passage  of 
a  mixture  of  equal  volumes  of  oxygen  and  hydrogen  is  0.7255; 
instead  of  0.6315,  the  mean  of  the  times,  1  and  0.2631,  of  those 
gases  individually.  Supposing  the  rate  of  the  oxygen  in  the  mix- 
ture to  remain  unchanged,  and  that  the  alteration  takes  place  on  the 
hydrogen  exclusively,  then  the  time  of  passage  of  the  hydrogen  has 
increased  from  0.2631  to  0.4510,  or  been  nearly  doubled.  But  it 
is  in  mixtures  where  the  proportion  of  hydrogen  is  large  compared 
with  that  of  the  other  gas,  that  the  departure  from  the  mean  velocity 
is  most  conspicuous.  Thus  the  addition  of  half  a  per  cent,  of  air 
or  oxygen  has  an  effect  in  retarding  the  passage  of  hydrogen  at  least 
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three  times  greater  than  what  it  should  produce  from  its  greater  den- 
sity by  calculation.  The  time  of  the  effusion  of  hydrogen  thus  be- 
comes a  delicate  test  of  the  purity  of  that  gas.  This  want  of  me- 
chanical equivalency  in  hydrogen  mixtures  is  exceedingly  remarkable, 
being  a  marked  departure  from  the  usual  uniformity  of  gaseous  pro- 
perties. 

TRANSPIEATION  OF  GASES. 

The  arrangement  exhibited  (fig.  38),  was  adopted  in  examining 

Fig.  38. 


the  rates  of  passage  of  different  gases  into  a  vacuum  through  a  ca- 
pillary tube.  The  gas  is  taken  from  a  counterpoised  bell-jar,  stand- 
ing over  the  water  of  a  pneumatic  trough,  and  passes  first  by  a  flexi- 
ble tube  to  a  U-shaped  drying  tube  filled  with  fragments  of  cliloride 
of  calcium,  in  order  to  be  deprived  of  aqueous  vapour  before  enter- 
ing the  capillary  glass  tube  a.  The  last  is  connected  by  means  of  a 
tube  of  block  tin  with  a  receiver  on  the  plate  of  an  air-pump,  pro- 
vided with  a  gauge  barometer  /,  as  represented.     Gas  is  allowed  to 
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enter  the  exhausted  receiver  by  the  capillary  tube,  and  the  time  ob- 
served which  the  gauge  barometer  requires  to  fall  a  certain  number 
of  inches  from  the  admission  of  a  constant  volume. 

It  is  found  that  for  a  tube  of  any  given  diameter,  the  times  of  pas- 
sage of  different  gases  approximate  the  more  closely  to  their  respec- 
tive times  of  effusion,  the  more  the  tube  is  shortened  and  made  to 
approximate  to  an  aperture  in  a  tliin  plate.  While,  as  the  tube  is 
elongated,  a  deviation  from  those  rates  is  observed,  wliich  is  rapid 
with  the  first  additions  in  length,  but  becomes  gradually  less ;  and, 
finally,  with  a  certain  length  of  tube,  the  gases  attain  rates  of  which 
the  relation  remains  constant,  or  nearly  so,  for  any  farther  increase 
of  length.  The  same  relation  in  velocity  between  the  different  gases 
is  then  found  to  extend  also  through  a  considerable  range  of  pressure, 
as  from  one  to  one-tenth  of  an  atmosphere. 

The  ultimate  rates  of  transpiration  differ  considerably  from  the 
rates  of  effusion  of  the  same  gases,  and  have  no  uniform  relation  to 
their  density.  Of  all  the  gases  tried,  oxygen  passes  with  least 
velocity  through  a  capillary  tube.  The  time  of  passage  into  a 
vacuum,  under  the  atmospheric  pressure,  of  a  volume  of  oxygen 
being  1,  that  of  air  was  0.9010,  of  nitrogen  0.8704,  and  carbonic 
oxide  0.8671.  The  transpiration  tunes  of  these  gases  approach  so 
closely  to  their  specific  gravities,  as  will  be  seen  by  Table  II.,  as  to  lead 
to  the  inference  that  the  transpiration  times  are  directly  as  the  density 
for  these  gases.  Nitric  oxide  appears  to  coincide  in  transpiration 
time  with  nitrogen,  although  denser,  the  specific  gravity  of  the  former 
being  the  mean  between  the  densities  of  the  nitrogen  and  oxygen. 
The  transpiration  time  of  carbonic  acid  approached  very  closely  to 
0.75,  or  three-fourths  of  that  of  oxygen.  Nitric  oxide,  which  has 
the  same  specific  gravity  as  carbonic  acid,  coincides  perfectly  with 
that  gas  also  in  time  of  transpiration.  The  densities  of  these  two 
gases  are  to  that  of  oxygen  as  22  to  1 6,  but  their  times  of  transpira- 
tion are  to  the  time  of  transpiration  of  oxygen,  as  12  to  16. 

The  transpiration  time  of  hydrogen,  by  several  capillary  tubes, 
varied  but  very  little  from  0.44,  the  time  of  oxygen  being  1.  The' 
number  for  hydrogen  therefore  approaches  0.4375,  which  is  7-16ths 
of  the  oxygen  time.  The  time  of  light  carburetted  hydrogen  was 
also  remarkably  constant  at  0.550  to  0.555;  which  approach,  although 
not  very  closely,  to  0.5625,  or  9-16ths  of  the  oxygen  time,  defiant 
gas  has  probably  sensibly  the  same  specific  gravity  as  nitrogen  and 
carbonic  oxide,  but  it  is  much  more  transpirable  than  these  gases ; 
the  transpiration  time  of  olefiant  gas  being  found  so  low  as  0.512. 
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This  result  is  not  inconsistent  mth  the  true  number  for  olefiant  gas, 
being  0.5,  or  one-haK  the  time  of  oxygen;  for  the  gas  operated  upon 
was  found  always  to  contain  either  a  trace  of  a  heavy  hydrocarbon,  or 
a  few  per  cent,  of  carbonic  oxide,  both  of  wliich  increase  the  time  of 
transpiration.  Hydrogen  with  five  per  cent  of  air  was  less  rapidly 
transpired  than  olefiant  gas,  the  time  of  that  mixture  being  0.5237. 

The  transpiration  time  of  mixtures  of  the  following  gases  was 
exactly  the  mean  of  the  times  of  the  mixed  gases,  namely  oxygen, 
nitrogen,  hydrogen,  carbonic  oxide,  nitrous  oxide,  and  carbonic  acid ; 
but  the  transpiration  •  time  of  hydrogen  and  carburetted  hydrogen,, 
particularly  the  former,  is  greatly  increased  when  these  gases  are  in  a 
state  of  mixture  with  each  other,  or  with  gases  of  the  former  class. 
Thus  the  transpiration  time  of  a  mixture  of  equal  volumes  of  oxygen 
and  hydrogen  was  0.9008,  instead  of  0.72,  the  mean  time  of  the  two 
gases.  The  transpiration  time  of  hydrogen  in  such  a  mixture  is  as 
high  as  0.8016  ;  or,  its  transpiration  is  then  less  rapid  than  that  of 
pure  carbonic  acid. 

The  effusion  of  a  given  measure  of  air  into  a  vacuum  takes  place 
always  in  the  same  time,  whatever  may  be  its  density,  from  one-fourth 
of  an  atmosphere  up  to  two  atmospheres.  But  the  transpiration  of  air 
of  different  densities  was  observed  to  take  place  in  times  which  are 
inversely  as  the  densities ;  or,  the  denser  air  is,  the  more  rapidly  is  a 
given  volume  of  it  transpired.  Hence  the  transpiration  of  air  and  all 
gases  is  greatly  affected  by  variations  of  the  barometer;  the  higher 
the  barometer  the  more  quickly  are  the  gases  transpired.  The  differ- 
ence in  this  respect  separates  completely  the  phenomena  of  effusion 
and  transpiration.  Nor  can  the  phenomena  of  transpiration  be  an 
effect  of  friction,  for  the  greater  the  density  of  air,  the  more  should 
its  passage  be  resisted  by  friction.  The  transpirability  of  a  gas 
appears  to  be  a  constitutional  property,  like  its  density,  or  its  com- 
bining volume;  and  the  investigation  is  of  peculiar  interest  from 
supplying  a  new  class  of  constants  for  the  gases,  namely  their  coeffi- 
cients of  transpiration.  The  rates  of  transpiration  of  different  gases 
were  further  observed  to  be  the  same  through  a  fine  capillary  tube  of 
copper  of  eleven  feet  in  length,  and  a  mass  of  dry  stucco,  as  through 
capillary  tubes  of  glass. 

DIFFUSION   OF   GASES. 

When  a  light  and  heavy  gas  are  once  mixed  together,  they  do  not 
exhibit  any  tendency  to  separate  again,  on  standing  at  rest;  differing 
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in  this  respect  from  mixed  liquids,  many  of  which  speedily  separate, 
and  arrange  themselves  according  to  their  densities,  the  hghtest 
uppermost,  and  the  heaviest  undermost — as  in  the  familiar  example 
of  oil  and  water,  unless  they  have  combined  together.  This  pecu- 
liar property  of  gases  has  repeatedly  been  made  the  subject  of 
careful  experiment.  Common  air,  for  instance,  is  essentially  a  mix- 
ture of  two  gases,  differing  in  weight  in  the  proportion  of  971  to 
1105;  but  the  air  in  a  tall  close  tube  of  glass  several  feet  in  length, 
kept  upright  in  a  still  place,  has  been  found  sensibly  the  same  in 
composition  at  the  top  and  bottom  of  the  tube,  after  a  lapse  of 
months.  Hence,  there  is  no  reason  to  imagine  that  the  upper  strata 
of  the  air  differ  in  composition  from  the  lower ;  or  that  a  light  gas, 
such  as  hydrogen,  escaping  into  the  atmosphere,  will  rise,  and  ulti- 
mately possess  the  higher  regions ; — suppositions  wliich  have  been 
the  groundwork  of  meteorological  theories  at  different  times. 

The  earliest  observations  we  possess  on  this  subject  are  those  of 
Dr.  Priestley,  to  whom  pneumatic  chemistry  stands  so  much  indebted. 
Having  repeated  occasion  to  transmit  a  gas  through  stoneware  tubes 
surrounded  by  burning  fuel,  he  perceived  that  the  tubes  were  porous, 
and  that  the  gas  escaped  outwards  into  the  fire ;  while  at  the  same 
time  the  gases  of  the  fire  penetrated  into  the  tube,  although  the  gas 
witliin  the  tube  was  in  a  compressed  state. 

Dr.  Dalton,  however,  first  perceived  the  important  bearings  of 
this  property  of  aerial  bodies,  and  made  it  the  subject  of  experimental 
inquiry.  He  discovered  that  any  two  gases,  allowed  to  communicate 
with  each  other,  exhibit  a  positive  tendency  to  mix  or  to  penetrate 
through  each  other,  even  in  opposition  to  the  influence  of  their  weight. 
Fig.  39.  Thus,  a  vessel  /*,  containing  a  light  gas  (hydrogen),  being 
h  placed  above  a  vessel  c,  containing  a  heavy  gas  (carbonic  acid), 
and  the  two  gases  allowed  to  communicate  by  a  narrow  tube, 
as  represented  (fig.  39),  an  interchange  speedily  took  place  of 
a  portion  of  their  contents,  wliich  it  might  be  supposed 
that  their  relative  position  would  have  prevented.  Contrary 
to  the  solicitation  of  gravity,  the  heavy  gas  continued  spon- 
taneously to  ascend,  and  the  light  gas  to  descend,  till  in  a  few 
hours  they  became  perfectly  mixed,  and  the  proportion  of  the 
two  gases  was  the  same  in  the  upper  and  lower  vessels.  This 
disposition  of  different  gases  to  intermix,  appeared  to  Dr. 
Dalton  so  decided  and  strong,  as  to  justify  the  inference  that 
different  gases  afforded  no  resistance  to  each  other;  but  that 
one  gas  spreads  or  expands  into  the  space  occupied  by  another 
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gas,  as  it  would  rush  into  a  vacuuin.  At  least,  that  the  resistance 
which  the  particles  of  one  gas  offer  to  those  of  another  is  of  a  very 
imperfect  kind,  to  be  compared  to  the  resistance  which  stones  in  the 
channel  of  a  stream  oppose  to  the  flow  of  running  water.  Such  is 
Dalton^s  theory  of  the  miscibility  of  the  gases.  (Manchester 
Memoirs,  Vol.  Y.) 

In  entering  upon  this  inquiry,  T  found,  first,  that  gases  diffuse  into 
the  atmosphere,  and  into  each  other,  with  different  degrees  of  ease  and 
rapidity.  This  was  observed  by  allowing  each  gas  to  diffuse  from  a 
bottle  into  the  air  through  a  narrow  tube,  taking  care,  when  the  gas 
was  lighter  than  air,  that  it  was  allowed  to  escape  from  the  lower  part 
of  the  vessel,  and  when  heavier  from  the  upper  part,  so  that  it  had, 
on  no  occasion,  any  disposition  to  flow  out,  but  was  constrained  to 
diffuse  in  opposition  to  the  effect  of  gravity.  The  result  was,  that  the 
same  volume  of  different  gases  escapes  in  times  which  are  exceedingly 
unequal,  but  have  a  relation  to  the  specific  gravity  of  the  gas.  The 
light  gases  diffuse  or  escape  most  rapidly:  thus,  hydrogen  escapes  five 
times  quicker  than  carbonic  acid,  which  is  twenty -two  times  heavier 
than  that  gas.  Secondly,  in  an  intimate  mixture  of  two  gases,  the 
most  diffusive  gas  separates  from  the  other,  and  leaves  the  receiver  in 
the  greatest  proportion.  Hence,  by  availing  ourselves  of  the  tenden- 
cies of  mixed  gases  to  diffuse  with  different  degrees  of  rapidity,  a  sort 
of  mechanical  separation  of  gases  may  be  effected.  The  mixture 
must  be  allowed  to  diffuse  for  a  certain  time  into  a  confined  gaseous 
or  vaporous  atmosphere,  of  such  a  kind  as  may  afterwards  be  con- 
densed or  absorbed  with  facility."^ 

But  tlie  nature  of  the  process  of  diffusion  is  best  illustrated  when 
the  gases  communicate  with  each  other  through  minute  pores  or  aper- 
tures of  insensible  magnitude. 

A  singular  observation  belonging  to  this  subject  was  made  by  Pro- 
fessor Dobereiner  of  Jena,  on  the  escape  of  hydrogen  gas  by  a  fissure 
or  crack  in  glass  receivers.  Having  occasion  to  collect  large  quantities 
of  that  light  gas,  he  had  accidentally  made  use  of  a  jar  wliich  had  a 
slight  fissure  in  it.  He  was  surprised  to  find  that  the  water  of  the  pneu- 
matic trough  rose  into  this  jar  one  and  a  half  inches  in  twelve 
hours;  and  that  after  twenty-four  hours  the  height  of  the  water  was 
two  inches  two-thirds  above  the  level  of  that  in  the  trough.  During 
the  experiment,  neither  the  height  of  the  barometer  nor  the  tempe- 
rature of  the  place  had  sensibly  altered.f     He  ascribed  the  pheno- 

*  Quarterly  Journal  of  Science,  New  Series,  Vol.  v. 
t  Annales  dc  Cliiniie  ct  de  Physique,  1825. 
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meiion  to  capillary  action^  and  supposed  that  hydrogen  only  is  at- 
tracted by  the  fissures,  and  escapes  through  them  on  account  of  the 
extreme  smallness  of  its  atoms.  It  is  unnecessary  to  examine  tliis 
explanation,  as  Dobereiner  did  not  observe  the  whole  phenomenon. 
On  repeating  the  experiment,  and  varying  the  circumstances,  it  ap- 
peared to  me  that  hydrogen  never  escapes  outwards  by  the  fissure 
without  a  certain  portion  of  air  penetrating  at  the  same  time  inwards, 
amounting  to  between  one-fourth  and  one-fifth  of  the  volume  of  the 
hydrogen  which  leaves  the  receiver.  It  was  found  by  an  instrument 
wliich  admits  of  much  greater  precision  than  the  fissured  jar,  that 
when  hydrogen  gas  communicates  with  air  through  such  a  chink,  the 
air  and  hydrogen  exhibit  a  powerful  disposition  to  exchange  places 
with  each  other;  a  particle  of  air,  however,  does  not  exchange  with 
a  particle  of  hydrogen  of  the  same  magnitude,  but  of  3.83  times  its 
magnitude.  We  may  adopt  the  word  diffusion-volume ,  to  express 
this  diversity  of  disposition  in  gases  to  interchange  particles,  and  say 
that  the  difi'usion-volume  of  air  being  1,  that  of  hydrogen  gas  is  3.83. 
Now  every  gas  has  a  difPusion-volume  peculiar  to  itself,  and  depend- 
ing upon  its  specific  gravity.  Of  those  gases  which  are  lighter  than 
air,  the  diffusion-volume  is  greater  than  1,  and  of  those  which  are 
heavier,  the  diffusion-volume  is  less  than  1.  The  difi'usion  volumes 
are,  indeed,  inversely  as  the  square  root  of  the  densities  of  the  gases. 
Hence  the  times  of  the  effusion  and  diffusion  of  gases  follow  the  same 
law. 

Exact  results  are  obtained  by 
means  of  a  simple  instrument, 
which  may  be  called  a  diffusion 
tube,  and  which  is  constructed  as 
follows.  A  glass  tube,  open  at  both 
ends,  is  selected,  half  an  inch  in 
diameter,  and  from  six  to  fourteen 
inches  in  length.  A  cyhnder  of 
wood,  somewhat  less  in  diameter,  is 
introduced  into  the  tube,  so  as  to 
occupy  the  whole  of  it,  with  the  ex- 
ception of  about  one-fifth  of  an  inch 
at  one  extremity,  wliich  space  is 
filled  with  a  paste  of  Paris  plaster, 
of  the  usual  consistence  for  casts. 
In  the  course  of  a  few  minutes  the 
plaster  sets,  and  on  withdrawing  the 
wooden  cylinder  the   tube  forms 


Fig.  40. 


Fig.  41. 


88  DIFFUSION  OF  GASES. 

a  receiver,  closed  by  an  immoveable  plate  of  stucco.  In  the  wet 
state,  the  stucco  is  air-tight ;  it  is  therefore  dried,  either  by  exposure 
to  the  air  for  a  day,  or  by  placing  it  in  a  temperature  of  200°  for  a 
few  hours;  and  is  thereafter  found  to  be  permeable  by  gases,  even  in 
the  most  humid  atmosphere,  if  not  positively  wetted.  When  such  a 
diffusion-tube,  six  inches  in  length,  is  filled  with  hydrogen  over  mer- 
cury, the  diffusion,  or  exchange  of  air  for  hydrogen,  instantly  com- 
mences through  the  minute  pores  of  the  stucco,  and  proceeds  with 
so  much  force  and  velocity,  that  within  three  minutes  the  mercury 
attains  a  height  in  the  receiver  of  more  than  two  inches  above  its 
level  in  the  trough;  witliin  twenty  minutes,  the  whole  of  the  hydro- 
gen has  escaped.  In  conducting  such  experiments  over  water,  it  is 
necessary  to  avoid  wetting  the  stucco.  "With  this  view,  before 
filling  the  diffusion-tube  with  hydrogen,  the  air  is  withdrawn  by 
placing  the  tube  upon  the  short  limb  of  an  empty  syphon,  (see 
figure  40),  wliicli  does  not  reach,  but  comes  witliin  haK  an  inch  of 
the  stucco,  and  then  sinking  the  instrument  in  the  water  trough,  so 
that  the  air  escapes  by  the  syphon,  with  the  exception  of  a  small 
quantity,  which  is  noted.  The  diffusion  tube  is  then  filled  up,  either 
entirely  or  to  a  certain  extent,  \Aath  the  gas  to  be  diffused. 

The  ascent  of  the  water  in  the  tube,  when  hydrogen  is  diffused, 
forms  a  striking  experiment.  But  in  experiments  made  with  the  pur- 
pose of  determining  the  proportion  between  the  gas  diffused  and  the  air 
which  replaces  it,  it  is  necessary  to  guard  against  any  inequality  of 
pressure,  by  placing  the  diffusion  tube  in  a  jar  of  water  as  in 
figure  41,  and  filling  the  jar  with  water  in  proportion  as  it  rises  in 
the  tube. 

In  this  instrument  we  may  substitute  many  other  porous  sub- 
stances for  the  stucco ;  but  few  of  them  answer  so  well.  Dry  and 
sound  cork  is  very  suitable,  but  permits  the  diffusion  to  go  on  very 
slowly,  not  being  sufficiently  porous ;  so  do  thin  slips  of  many  gra- 
nular foliated  minerals,  such  as  flexible  magnesian  limestone.  Char- 
coal, woods,  unglazed  earthenware,  dry  bladder,  may  all  be  used  for 
the  same  purpose. 

It  can  be  shown,  on  the  principles  of  pneumatics,  that  gases  should 
rush  into  a  vacuum  with  velocities  corresponding  to  the  numbers 
which  have  been  found  to  express  their  diffusion  volumes ;  that  is, 
with  velocities  inversely  proportional  to  the  square  root  of  the  den- 
sities of  the  gases.  The  law  of  the  diffusion  of  gases  has  on  this 
account  been  viewed  by  my  friend,  Mr.  T.  S.  Thomson,  of  CHtheroe, 
as  a  confii-mation  of  Dr.  Dalton's  theory,  that  gases  are  inelastic 
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towards  each  other."^  It  must  be  admitted  that  the  ultimate  result 
in  diffusion  is  in  strict  accordance  with  Dalton's  law^  but  there  are 
certain  circumstances  which  make  me  hesitate  in  adopting  it  as  a 
true  representation  of  the  phenomenon,,  although  it  affords  a  conve- 
nient mode  of  expressing  it.  1.  It  is  supposed,  on  that  law,  that 
when  a  cubic  foot  of  hydrogen. gas  is  allowed  to  communicate  with  a 
cubic  foot  of  air,  the  hydrogen  expands  into  the  space  occupied  by 
the  air,  as  it  would  do  into  a  vacuum,  and  becomes  two  cubic  feet  of 
hydrogen  of  half  density.  The  air,  on  the  other  hand,  expands  in  the 
same  manner  into  the  space  occupied  by  the  hydrogen,  so  as  to 
become  two  cubic  feet  of  air  of  half  density.  Now  if  the  gases 
actually  expanded  through  each  other  in  tliis  manner,  cold  should  be 
produced,  and  the  temperature  of  the  mixed  gases  should  fall  40  or  45 
degrees.  But  not  the  slightest  change  of  temperature  occurs  in  dif- 
fusion, however  rapidly  the  process  is  conducted.  2.  Although  the 
ultimate  result  of  diffusion  is  always  in  conformity  with  Dalton^s  law, 
yet  the  diffusive  process  takes  place  in  different  gases  with  very 
different  degrees  of  rapidity.  Thus,  the  external  air  penetrates  into  a 
diffusion  tube  with  velocities  denoted  by  the  following  numbers,  1277, 
623,  302,  according  as  the  diffusion  tube  is  filled  with  hydrogen, 
with  carbonic  acid,  or  with  clilorine  gas.  Now,  if  the  air  were  rush- 
ing into  a  vacuum  in  all  these  cases,  why  should  it  not  always  enter 
it  with  the  same  velocity?  Something  more,  therefore,  must  be 
assumed  than  that  gases  are  vacua  to  each  other,  in  order  to  explain 
the  whole  phenomena  observed  in  diffusion. 

Passage  of  gases  through  membranes. — In  connexion  with 
diffusion,  the  passage  of  gases  tlu-ough  humid  membranes  may  be 
noticed.  If  a  bladder,  half  filled  with  air,  with  its  mouth  tied,  be 
passed  up  into  a  large  jar  filled  with  carbonic  acid  gas,  standing  over 
water,  the  bladder,  in  the  course  of  twenty-four  hours,  becomes  greatly 
distended,  by  the  insinuation  of  the  carbonic  acid  tln:ough  its  sub- 
stance, and  may  even  burst,  while  a  very  little  air  escapes  outwards 
from  the  bladder.  But  this  is  not  simple  diffusion.  The  result 
depends  upon  two  circumstances :  first,  upon  carbonic  acid  being  a 
gas  easily  liquefied  by  the  water  in  the  substance  of  the  membrane, — 
the  carbonic  acid  penetrates  the  membrane  as  a  Liquid ;  secondly,  tliis 
liquid  is  in  the  highest  degree  volatile,  and,  therefore,  evaporates  very 
rapidly  from  the  inner  surface  of  the  bladder  into  the  air  confined  in  it. 
The  air  in  the  bladder  comes  to  be  expanded  in  the  same  manner  as  if 
ether  or  any  other  volatile  fluid  was  admitted  into  it.  The  phenome- 
*  Phil.  Mag.  3rd  series,  iv.  321. 
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non  was  observed  by  Dalton  in  its  simplest  form.  Into  a  very  narrow 
jar^  half  filled  with  carbonic  acid  gas  over  water^  he  admitted  a  little  air. 
The  air  and  gas  were  accidentally  separated  by  a  water-bubble,  and 
thus  prevented  from  intermixing.  But  the  carbonic  gas  immediately 
began  to  be  liquefied  by  the  film  of  water,  and  passing  through  it, 
evaporated  into  the  air  below.  The  air  was  in  this  way  gradually 
expanded,  and  the  water-bubble  ascended  in  the  tube.  Here  the 
particular  phenomenon  in  question  was  observed  to  take  plaee,  but 
without  the  intervention  of  membrane.  It  is  to  be  remembered  that 
the  tliinnest  film  of  water  or  any  Hquid  is  absolutely  impermeable  to 
a  gas  as  such. 

In  the  experiments  of  Drs.  Mitchell  and  Faust,  and  others,  in 
which  gases  passed  through  a  sheet  of  caoutchouc,  it  is  to  be  sup- 
posed that  the  gases  were  always  Hquefied  in  that  substance,  and 
penetrated  through  it  in  a  fluid  form.  Indeed,  few  bodies  are  more 
remarkable  than  caoutchouc  for  the  avidity  with  which  they  imbibe 
various  liquids.  The  absorption  of  ether,  of  naphtha,  of  oil  of  turpen- 
tine, softening  the  substance  of  the  caoutchouc,  without  dissolving 
it,  may  be  referred  to.  It  is  likewise  always  those  gases  which  are 
more  easily  liquefied  by  cold  or  pressure  that  pass  most  readily  tlirough 
both  caoutchouc  and  humid  membranes.  Dr.  Mitchell  found  that 
the  time  required  for  the  passage  of  equal  volumes  of  difi'erent 
gases  through  the  same  membrane,  was 

1     minute,  with  ammonia. 

2§  minutes,  with  sulphui-etted  hydrogen. 


H 

„            cyanogen. 

H 

„            carbonic  acid. 

eh 

nitrous  oxide. 

27f 

arsenietted  hydrogen, 

28 

„            defiant  gas. 

37f 

„           hydrogen. 

L13 

„            oxygen. 

L60 

„            carbonic  oxide, 

and  a  much  greater  time  with  nitrogen. 


DIFFUSION  OF  VAPOUKS  INTO  AIR,  OR  SPONTANEOUS  EVAPORATION. 

Volatile  bodies,  such  as  water,  rise  into  air  as  well  as  into  a 
vacuum,  and  obviously  according  to  the  law  by  which  gases  diffuse 
through  each  other.  Thus  if  a  small  quantity  of  the  volatile  liquid 
ether  be  conveyed  into  two  taU  jars  standing  over  water,  one  half  filled 
with  air,  and  the  other  with  hydrogen  gas,  the  air  and  hydrogen 
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immediately  begin  to  expand,  from  the  ascent  of  the  ether-vapour  into 
them,  and  the  two  gases  in  the  end  have  their  volume  increased 
exactly  in  the  same  proportion.  But  the  hydrogen  gas  undergoes 
tliis  expansion  in  half  the  time  that  the  air  requires ;  that  is  to  say, 
ether-vapour  follows  the  usual  law  of  diffusion  in  penetrathig  more 
rapidly  through  the  lighter  gas. 

We  are  indebted  to  Dr.  Dalton  for  the  discovery  that  the  evapora- 
tion of  water  has  the  same  limit  in  air  as  in  a  vacuum.  Indeed,  the 
quantity  of  vapour  from  a  volatile  body  which  can  rise  into  a  confined 
space,  is  the  same,  whether  that  space  be  a  vacuum,  or  be  already 
filled  with  air  or  gas,  in  any  state  of  rarefaction  or  condensation. 
The  vapour  rises,  and  adds  its  own  elastic  force,  such  as  it  exhibits  in 
a  vacuum,  to  the  elastic  force  of  the  other  gases  or  vapours  already 
occupying  the  same  space.  Hence,  it  is  only  necessary  to  know  what 
quantity  of  any  vapour  rises  into  a  vacuum  at  any  particular  tempera- 
ture;— the  same  quantity  rises  into  air.  Thus  the  vapour  from 
water,  which  rises  into  a  vacuum  at  80°,  depresses  the  mercurial 
column  one  inch,  or  its  tension  is  one-thirtieth  of  the  usual  tension 
of  the  air.  Now,  if  water  at  80°  be  admitted  into  dry  air,  it  will 
increase  the  tension  of  that  air  by  l-30th,  if  the  air  be  confined;  or 
increase  its  bulk  by  l-30th,  if  the  air  be  allowed  to  expand.  M. 
Eegnault  has,  indeed,  observed  that  the  tension  of  the  vapour  of  water 
in  air,  and  in  pure  nitrogen  gas,  is  always  a  little  more  feeble  (2  or 
3  per  cent.)  than  in  a  vacuum  for  the  same  temperature,  (Annales, 
XV.  137);  from  which  may  be  inferred  the  existence  of  some  physical 
obstacle  to  the  full  diffusion  of  vapours,  of  wliich  the  nature  is  at 
present  unknown.  The  density  of  the  vapour  of  water  in  air  satui'ated 
with  it  may  also  be  taken  as  the  same  as  it  has  been  found  in  a 
vacuum,  or  622  (air  =  1000),  M.  Eegnault  having  observed  it  to 
deviate  not  more  than  one-hundredth  part  from  that  density,  at  all 
temperatures  between  32°  and  72°  Mir.— (Ibid.  p.  160.) 

The  spontaneous  evaporation  of  water  into  air  is  much  affected  by 
three  circumstances  :  1.  the  previous  state  of  dryness  of  the  air — for 
a  certain  fixed  quantity  only  of  vapour  can  rise  into  air,  as  much  as 
into  the  same  space  if  vacuous ;  and  if  a  portion  of  that  quantity  be 
already  present,  so  much  the  less  wiU  be  taken  up  by  the  air ;  and  no 
evaporation  whatever  takes  place  into  air  which  contains  this  fixed 
quantity,  and  is  already  saturated  with  humidity,  2.  By  warmth — 
for  the  higher  the  temperature  the  more  considerable  is  the  quantity 
of  vapour  wliich  rises  into  any  accessible  space.  Thus  water  emits  so 
much  vapour  at  40°  as  expands  the  air  in  contact  with  it  1-1 14th 
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part,  and  at  60°  as  much  as  expands  air  l-57th  part,  or  double  the 
quantity  emitted  at  the  lower  temperature.  Hence,  humid  hot  air 
contains  a  much  greater  portion  of  moisture  than  humid  cold  air. 
4.  The  evaporation  of  water  is  greatly  quickened  by  the  removal  of 
the  incumbent  air  in  proportion  as  it  becomes  saturated ;  and  hence 
a  current  of  air  is  exceedingly  favourable  to  evaporation. 

"When  air  saturated  with  humidity  at  a  high  temperature  is  cooled, 
it  ceases  to  be  able  to  sustain  the  large  portion  of  vapour  which  it 
possesses,  and  the  excess  assumes  the  liquid  form,  and  precipitates  in 
drops.  Many  famiHar  appearances  depend  upon  the  condensation 
of  the  vapour  in  the  atmosphere.  When  a  glass  of  cold  water,  for 
instance,  is  brought  into  a  warm  room,  it  is  often  quickly  covered 
with  moisture.  The  air  in  contact  with  the  glass  is  chilled,  and  its 
power  to  retain  vapour  so  much  reduced  as  to  occasion  it  to  deposit  a 
portion  upon  the  cold  glass.  It  is  from  the  same  cause  that  water  is 
often  seen  in  the  morning  running  down  in  streams  upon  the  inside 
of  the  glass  panes  of  bed-room  windows.  The  glass  has  the  low 
temperature  of  the  external  air,  and  by  contact  cools  the  warm  and 
humid  air  of  the  apartment  so  as  to  occasion  the  precipitation  of  its 
moisture.  Hence  also,  when  a  warm  thaw  follows  after  frost,  thick 
stone  walls  which  continue  to  retain  their  low  temperature  are 
covered  by  a  profusion  of  moisture. 

Hygrometers. — As  water  evaporates  at  all  temperatures,  however 
low,  the  atmosphere  cannot  be  supposed  to  be  ever  entirely  destitute 
of  moisture.  The  proportion  present  varies  with  the  temperature, 
the  direction  of  the  wind,  and  other  circumstances,  but  is  generally 
greater  in  summer  than  in  winter.  There  are  various  means  by 
which  the  moisture  in  the  air  may  be  indicated,  and  its  quantity 
estimated,  affording  principles  for  the  construction  of  different  hygro- 
scopes  or  hygrometers. 

1.  The  chemical  method  consists  in  passing  a  known  measure 
of  air  over  a  higlily  hygrometric  substance,  such  as  chloride  of  cal- 
cium, contained  in  a  glass  tube,  which  has  been  weighed;  the 
increase  of  weight  is  that  of  the  vapour  absorbed.  The  experiment 
admits  of  being  made  with  rigorous  accuracy,  but  is  seldom  had 
recourse  to,  except  to  check  other  methods  which  are  more  expe- 
ditious, but  less  certain.^ 

2.  Many  soHd  substances  swell  on  imbibing  moisture,  and  con- 

*  The  present  and  following  methods  of  hygrometry,  and  all  the  experimental  data 
required,  have  lately  received  a  full  and  critical  revision  from  M.  Regnault,  of  the  greatest 
value.    See  his  "  Etudes  sur  1' Hygrometric,"  Annales  de  Chimie,  &c.  1835,  t.  xv.  p.  129- 
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tract  again  on  drying :  such  as  wood,  parchment,  hair,  and  most  dry- 
organic  substances.  The  hygrometer  of  Deluc  consisted  of  an 
extremely  thin  piece  of  whalebone,  wliich  in  expanding  and  contract- 
ing moved  an  index.  The  principle  of  this  instrument  is  illustrated 
in  the  transparent  shavings  of  whalebone  cut  into  figures,  which  bend 
and  crumple  up  when  laid  upon  the  warm  hand.  Saussure  made  use  of 
human  hair  boiled  in  a  solution  of  carbonate  of  soda,  as  a  hygrometric 
body,  and  it  appears  to  answer  better  than  any  other  substance  of  the 
class.  Regnault  does  not  make  any  essential  change  in  the  construc- 
tion of  Saussure,  but  prefers  to  deprive  the  hairs  of  unctuous  matter 
by  leaving  them  for  twenty-four  hours  in  a  tube  filled  with  ether. 
They  preserve  in  this  way  all  their  tenacity,  and  acquire  at  the  same 
time  nearly  as  much  sensibility  as  if  they  had  been  prepared  by  an 
alkali.  He  finds  that  each  instrument  must  be  graduated  experi- 
mentally by  placing  it  in  a  confined  space  with  air  kept  in  a  known 
state  of  himiidity  by  the  presence  of  dilute  sulphuric  acid  of  several 
degrees  of  strength,  which  he  indicates,  and  suppHes  tables  of  their 
tension  at  different  temperatures  {Ibid.  p.  173.)  Of  this  instrument, 
which  is  so  convenient  in  a  great  many  circumstances,  he  speaks  more 
highly  than  physicists  generally  of  late,  but  at  the  same  time  remarks 
that  it  requires  great  circumspection  in  the  observer,  and  that  the 
occasional  verification  of  the  instrument  by  means  of  the  solutions 
first  employed  in  graduating  it  is  indispensable. 

Fig.  42.  3.  The  degree  of  dryness  of  the  air 

may  be  judged  of  by  the  rapidity  of  eva- 
poration. LesHe  made  use  of  his  diffe- 
rential thermometer  as  a  hygrometer, 
covering  one  of  the  bulbs  mth  muslin,  and 
keeping  it  constantly  moist  by  means,  of 
a  wet  thread  from  a  cup  of  water  placed 
near  it.  The  evaporation  of  the  moisture 
cools  the  ball,  and  occasions  the  air  in  it 
to  contract.  This  instrument  gives  use- 
ful information  in  regard  to  the  rapidity 
of  evaporation,  or  the  drying  power  of 
the  air,  but  does  not  indicate  directly  the 
quantity  of  moisture  in  the  air.  The 
wet-hulh  hygrometer,  more  commonly 
used,  acts  on  the  same  principle,  but 
consists  of  two  similar  and  very  delicate  mercurial  thermometers,  the 
bulb  of  one  of  which  {a)  is  kept  constantly  moist,  while  the  bulb  of  the 
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other  {b)  is  dry.  The  wet  thermometer  always  indicates  a  lower  tem- 
peratm-e  than  the  dry  one_,  mdess  when  the  air  is  fully  saturated  with 
moisture,  and  no  evaporation  from  the  moist  bulb  takes  place.  In 
making  an  observation,  the  instrument  is  generally  placed,  not  in 
absolutely  still  air,  but  in  an  open  window  where  there  is  a  slight 
drauglit. 

The  indications  of  the  wet-bulb  hygrometer,  or  psyclu'ometer,  are 
discovered  by  simple  inspection.  It  is,  therefore,  a  problem  of  the 
greatest  importance  to  deduce  from  them  the  dew  point,  or  the  ten- 
sion of  the  vapour  in  the  air,  by  an  easy  rule.  Could  this  infer- 
ence be  made  with  certainty,  the  wet-bulb  hygrometer  is  so  commo- 
dious that  it  would  supersede  all  others.  I  shall  place  below  a  for- 
mula for  this  purpose,  wliich  has  been  used  for  several  years  in  the 
north  of  Europe,  and  the  same  as  it  has  been  recently  modified.^ 

4.  The  most  simple  mode  of  ascertaining  the  absolute  quantity  of 
vapour  in  the  air  is  to  cool  the  air  gradually,  and  note  the  degree  of 
temperature  at  which  it  begins  to  deposit  moisture,  or  ceases  to  be 
capable  of  sustaining  the  whole  quantity  of  vapour  wliich  it  possesses. 
The  air  is  saturated  with  vapour  for  this  particular  degree  of  tem- 
perature, which  is  called  its  dew-point.  The  saturating  quantity  of 
vapour  for  the  degree  of  temperature  indicated  may  then  be  learned 
by  reference  to  a  table  of  the  tension  of  the  vapour  of  water  at  differ- 
ent temperatures. t      It  is  the  absolute  quantity  of  vapour  which  the 

*  The  psychrometer  was  first  suggested  by  Gay-Lussac,  (Annales  de  Chimie,  &c.  2d 
serie,  t.  xxi.  p.  91),  and  its  application  particularly  studied  by  Dr.  E.  H.  August,  of 
Berlin,  {Ueber  die  Fortschritte  der  Hi/grometrie)^  1830,  and  Dr.  Apjohn  (Philosophical 
Magazine,  1838,  &c.)  To  obtain  the  tension  of  vapour  in  the  atmosphere  from  the  two 
temperatures  observed,  the  foUomng  formula  is  given  by  Dr.  August,  neglecting  some 
very  small  quantities : — 

0.568  {t—t') 

X  =/ .  //: 

640  —  t' 
where   t  and  t'  are  the  temperatures  (Centigrade)  of  the  dry  and  wet  thermometers, 
f  the  tension  of  vapour  in  air  satm-ated  at  the  temperature  t',  h  the  height  of  the  bai'ome- 
tei*,  and  640  —  t'  the  latent  heat  of  aqueous  vapour.     Some  of  the  numerical  data  are 
modified  by  M.  Regnault,  and  the  formula  becomes: — 

0.429  {t—t') 

.r  ==  /' .  h; 

610  — r 
Or, 

0.480  {t—t') 

x^f ,  //. 

616  —  t 
The  last  co-efficient  0!480  he  finds  to  give  a  coincidence  almost  perfect  between  the  cal- 
culated and  true  results,  when  the  air  is  not  more  than  fom'-tenths  saturated.     Otherwise 
the  first  coefficient  0.429  is  least  objectionable.      (Annales,  &c.  xv.  pp.  202  and  226). 
t  A  table  by  M.  Regnault  for  this  pm*pose  will  be  given  in  an  Appendix. 
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air  at  the  time  of  the  observation  possesses.  The  dew-point  may  be 
ascertained  most  accurately  by  exposing  to  the  air  a  thin  cup  of  silver 
or  tin-plate  containing  water  so  cold  as  to  occasion  the  condensation 
of  dew  upon  the  metallic  surface,  The  water  in  the  cup  is  stirred 
with  the  bulb  of  a  small  thermometer,  and  as  the  temperature 
gradually  rises,  the  degree  is  noted  at  which  the  dew  disappears  from 
the  surface  of  the  vessel.  The  temperature  at  wliich  this  occurs  may 
be  taken  as  the  dew-point.  Water  may  generally  be  cooled  suffi- 
ciently in  summer  to  answer  for  an  experiment  of  this  kind  by  dis- 
solving pounded  sal-ammoniac  in  it. 

The  dew-point  may  be  observed  much  more  quickly  by  means  of 
the  elegant  hygrometer  of  the  late  Mr.  Daniell."^  This  instrument 
(see  figure  43)  consists  of  two  glass  balls,  a  and  h,  connected  by  a 
syphon,  and  containing  a  quantity  of  ether,  from  which  the  air  has 
been  expelled  by  the  same  means  as  in  the  cryophorus  of  Dr.  Wollas- 
ton  (page  66).  One  of  the  arms  of  the  syphon  tube  contains  a  small 
thermometer,  with  its  scale,  which  should  be  of  white  enamel ;  the 
Fig.  43.  bulb  of  the  thermometer  descends  into  the  ball, 

h,  at  the  extremity  of  this  arm,  and  is  placed, 
not  in  the  centre  of  the  ball,  but  as  near  as 
possible  to  some  point  of  its  circumference.  A 
zone  of  this  ball  is  gilt  and  burnished,  so  that 
the  deposition  of  dew  may  easily  be  perceived 
upon  it.  The  other  ball,  a,  is  covered  with 
mushn.  When  an  observation  is  to  be  made, 
this  last  ball  is  moistened  with  ether,  which  is 
supplied  slowly  by  a  drop  or  two  at  a  time.  It 
is  cooled  by  the  evaporation  of  the  ether,  and 
becomes  capable  of  condensing  the  vapour  of  the 
included  fluid,  and  thereby  occasions  evaporation 
in  the  opposite  baU,  ^,  containing  the  thermo- 
meter. The  temperature  of  the  ball,  h,  should 
be  thus  reduced  in  a  gradual  manner,  so  that  the  degree  of  the  ther- 
mometer at  which  dew  begins  to  be  deposited  on  the  metallic  part  of 
the  surface  of  the  ball  may  be  observed  with  precision.  The  tem- 
perature of  h  being  thereafter  allowed  to  rise,  the  degree  at  which  the 
dew  disappears  from  its  surface  may  likewise  be  noted.  It  should  not 
differ  much  from  the  temperature  of  the  deposition,  and  will  probably 
give  the  dew-point  more  correctly ;  although,  strictly  speaking,  the 
mean  between  the  two  observations  should  be  the  true  dew-point.  It 
*  Daniell's  Meteorological  Essays,  p.  147. 
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is  convenient  to  have  a  second  thermometer  in  the  pillar  of  the 
instrument,  for  observing  the  temperature  of  the  air  at  the  time. 

M.  Regnault  proposes  a  modification  of  Daniell's  hygrometer,  under 
the  name  of  the  Condenser-hygi^omeAery  which  appears  to  be  the 
most  perfect  instrument  of  the  class.  It  consists  of  a  thimble,  ah  c 
(figure  44),  made  of  sHver,  very  thin,  and  perfectly  pohshed,  1 .8 
inch  in  depth,  and  8-lOths  of  an  inch  in  diameter,  which  is  fitted 


Fig.  44. 


Fig.  45. 


tightly  upon  a  glass  tube, 
c  d,  open  at  both  ends. 
The  tube  has  a  small  late- 
ral tubulure,  t.  The  upper 
opening  of  the  tube  is 
closed  by  a  cork,  which  is 
traversed  by  the  stem  of  a 
very  sensible  thermometer 
occupying  its  axis;  the 
bulb  of  the  thermometer  is 
in  the  centre  of  the  silver 
thimble.  A  very  tliin  glass 
tube,y^,  open  at  both  ends, 
traverses  the  same  cork, 
and  descends  to  the  bottom 
of  the  thimble.  Ether  is 
poured  into  the  tube  as 
high  OS  mn,  and  the  tubu- 
lure t  is  placed  in  commu- 
nication by  means  of  a 
leaden  tube  with  an  aspi- 
rator jar  six  or  eight  pints 
in  capacity,  filled  mth 
water.  The  aspirator  jar 
is  placed  near  the  observer, 
while  the  condenser-hygrometer  is  kept  as  far  from  his  person  as  is 
desirable. 

On  allowing  water  to  run  from  the  aspirator  jar,  air  enters  by  the 
tube  g/j  passing  bubble  by  bubble  through  the  ether,  wliich  it  cools 
by  carrying  away  vapour ;  the  refrigeration  is  the  more  rapid,  the 
more  freely  the  water  is  allowed  to  flow ;  and  the  whole  mass  of 
ether  presents  a  sensibly  uniform  temperature,  as  it  is  briskly  agitated 
by  the  passage  of  the  bubbles  of  air.  The  temperature  is  sufficiently 
*  Annales,  XV.  PI.  2. 
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lowered  in  less  than  a  minute  to  determine  an  abundant  deposit  of 
dew.  The  thermometer  is  then  observed  through  a  little  telescope  ; 
suppose  that  it  is  read  off  at  50°.  This  temperature  is  evidently 
somewhat  lower  than  what  corresponds  exactly  to  the  air^s  humidity. 
By  closing  the  stopcock  of  the  aspirator  the  passage  of  air  is  stopped, 
the  dew  disappears  in  a  few  seconds,  and  the  thermometer  again 
rises.  Suppose  tliat  it  marks  5^°:  this  degree  is  above  the  dew- 
point.  The  stopcock  of  the  aspirator  is  then  opened  very  slightly,  so 
as  to  determine  the  passage  of  a  very  small  stream  of  air  bubbles 
through  the  ether.  If  the  thermometer  continues,  notwithstanding,  to 
rise,  the  stopcock  is  opened  furtlier,  and  the  thermometer  brought 
down  to  51°.8  :  by  shutting  the  stopcock  slightly,  it  is  easy  to  stop 
the  falling  range,  and  make  the  thermometer  remain  stationary  at 
51°.  8  as  long  as  is  desired.  If  no  dew  forms  after  the  lapse  of 
a  few  seconds,  it  is  evident  that  51°. 8  is  higher  than  the  dew-point. 
It  is  brought  down  to  51°.  6,  and  maintained  there  by  regulating  the 
flow.  The  metallic  surface  being  now  observed  to  become  dim  after 
a  few  seconds,  it  is  concluded  that  51°.  6  is  too  low,  while  51°.  8  was 
too  high-  A  still  greater  approximation  even  may  be  made,  by  now 
finding  whether  51°.  7  is  above  or  below  the  point  of  condensation. 
These  operations  may  be  executed  in  a  very  short  time,  after  a  little 
practice ;  three  or  four  minutes  being  found  sufficient,  by  M.  Eeg- 
nault,  to  determine  the  dew-point  to  within  about  ^-oth  of  a  degree 
Eahr.  A  more  considerable  fall  of  temperature  may  be  obtained  by 
means  of  this  than  the  original  instrument  of  DanieU,  with  the  con- 
sumption of  a  much  less  quantity  of  ether ;  indeed,  that  Hquid  may 
be  dispensed  with  entirely,  and  alcohol  substituted  for  it.  The  ther- 
mometer, T,  to  observe  the  temperature  of  the  air  during  the  experi- 
ment, is  placed  in  a  second  similar  glass  tube  and  thimble  a  h\  also 
under  the  influence  of  the  aspirator,  but  containing  no  ether. 

In  evaporating  by  means  of  hot  air,  as  in  drying  goods  in  the  ordi- 
nary bleachers^  stove,  which  is  heated  by  flues  from  a  fire  carried 
along  the  floor,  it  should  be  kept  in  mind  that  a  certain  time  must 
elapse  before  air  is  saturated  with  humidity.  Mr.  Daniell  has  observed 
that  a  few  cubic  inches  of  dry  air  continue  to  expand  for  an  hour  or 
two,  when  exposed  to  water  at  the  temperature  of  the  air.  At  high 
temperatures,  the  diffusion  of  vapour  into  air  is  more  rapid;  but  still 
it  is  not  at  all  instantaneous.  Hence,  in  such  a  drying  stove,  means 
ought  to  be  taken  to  repress  rather  than  to  promote  the  exit  of  the 
hot  air;  otherwise  a  loss  of  heat  will  be  occasioned  by  the  escape  of 
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Fig.  46. 


the  air^  before  it  is  saturated  with  humidity.  The  greatest  advantage  has 
been  derived  from  closing  such  a  stove  as  perfectly  as  possible  at  the 
top^  and  only  opening  it  after  the  goods  are  dried  and  about  to  be  re- 
moved, in  order  to  allow  of  a  renewal  of  the  air  in  the  chamber  between 
each  operation.  In  evaporating  water  by  heated  air,  the  vapour  itself 
carries  off  exactly  the  same  quantity  of  heat  as  if  it  were  produced 
by  boiling  the  water  at  212°,  wliile  the  air  associated  with  it  likewise 
requires  to  have  its  temperature  raised,  and  therefore  occasions  an 
additional  consumption  of  heat.  Hence  water  can  never  be  evapo- 
rated by  air  in  a  drying  stove  with  so  small  an  expenditure  of  fuel  as 
in  a  close  boiler. 

When  "bodies  to  be  dried  do  not  part  with  their  moisture  freely, 
but  in  a  gradual  manner,  as  is  the  case  with  roots,  and  most  organic 
substances,  the  hot  air  to  dry  them  may  be  greatly  economised  by  a 
particular  mode  of  applying  it,  which  is  practised  in  the  madder- 
stove.  The  principle  of  this  dry- 
ing stove  is  illustrated  by  the  an- 
nexed figure,  in  w^hich  a  b  repre- 
sent a  tight  chamber,  having  two 
openings,  one  near  the  roof,  by 
which  hot  air  is  admitted  into  the 
chamber,  and  another  at  the  bot- 
tom, by  wliich  the  air  escapes  into 
the  tall  chimney  c.  The  chamber 
contains  a  series  of  stages,  from 
the  floor  to  the  roof,  on  the  lowest 
of  which,  sacks,  half  filled  Avith 
the  damp  madder  roots,  are  first  placed.  In  proportion  as  the  roots 
dry^  the  bags  are  raised  from  stage  to  stage,  till  they  arrive  at  the 
highest  stage,  where  they  are  exposed  to  the  air  when  hottest  and 
most  desiccating.  As  the  dried  roots  are  removed  from  the  top, 
new  roots  are  introduced  below,  and  passed  tlirough  in  the  same 
manner.  Here  the  dry  and  hot  air,  after  taking  all  the  moisture 
wliich  the  roots  on  the  highest  stage  will  part  with,  descends,  and  is 
stiU  capable  of  abstracting  a  second  quantity  of  moisture  from  the 
roots  on  the  next,  and  so  on,  as  it  proceeds,  tiU  it  passes  away  into 
the  chimney  absolutely  saturated  with  moisture,  after  having  reached 
the  bottom  of  the  chamber. 
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Fig.  47. 


It  is  frequently  an  object  to  dry  a 
small  quantity  of  a  substance  most 
completely  (such  as  an  organic  sub- 
stance for  analysis)  at  some  steady 
temperature,  such  as  212°.  This  is 
effected  very  conveniently  by  means  of 
a  little  oven,  (figure  47),  consisting  of 
a  double  box  of  copper  or  tin-plate, 
about  six  inches  square,  with  water 
between  the  casings,  which  is  kept  in  a 
state  of  ebullition  by  means  of  a  gas 
flame,  or  spirit  lamp. 


NATURE  OF  HEAT. 

It  is  convenient  to  adopt  the  material  theory  of  heat  in  considering 
its  accumulation  in  bodies,  and  in  expressing  quantities  of  heat  and 
the  relative  capacities  of  bodies  for  heat.  Indeed,  every  tiling  relat- 
ing to  the  absorption  of  heat  suggests  the  idea  of  its  substantial 
existence;  for  heat,  unlike  light,  is  never  extinguished  when  it  falls 
upon  a  body,  but  is  either  reflected  and  may  be  farther  traced,  or  is 
absorbed  and  accumulated  in  the  body,  and  may  again  be  derived 
from  it  without  loss.  But  the  mechanical  phenomena  of  heat,  which 
resemble  those  of  light,  may  be  explained  with  equal  if  not  greater 
advantage  by  assuming  an  undulatory  theory  of  heat,  corresponding 
with  the  undulatory  theory  of  light.  A  peculiar  imponderable  me- 
dium or  ether  is  supposed  to  pervade  aU  space,  through  which  undu- 
lations are  propagated  that  produce  the  impression  of  heat.  A  hot 
radiant  body  is  a  body  possessing  the  faculty  to  originate  or  excite 
such  undulations  in  the  ether  or  medium  of  heat,  which  spread  on  all 
sides  around  it,  like  the  waves  from  a  pebble  thrown  into  stiU  water. 
Sound  is  propagated  by  waves  in  this  manner,  but  the  medium  in 
which  they  are  generally  produced,  or  the  usual  vehicle  of  sound,  is 
the  air;  and  all  the  experiments  on  the  reflection  and  concentration 
of  heat,  by  concave  reflectors,  may  be  imitated  by  means  of  sound. 
Thus,  if  a  watch  instead  of  the  lamp  be  placed  in  the  focus  of  one  of 
a  pair  of  conjugate  reflecting  mirrors  (fig.  19,  p.  31),  the  waves  of  air 
occasioned  by  its  beating  emanate  from  the  focus,  strike  against  the 
mirror,  and  are  reflected  from  it,  so  as  to  break  upon  the  face  of  the 
opposite  mirror,  are  concentrated  into  its  focus,  and  communicate 
the  impression  of  sound  to  an  ear  placed  there  to  receive  it.     The 
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transmission  of  heat  from  the  focus  of  one  mirror  to  the  focus  of 
the  other  may  easily  be  conceived  to  be  the  propagation  of  similar 
undulations  tlirough  another  and  different  medium  from  air,  but  co- 
existing in  the  same  space. 

In  adopting  the  material  theory  of  heat,  we  are  under  the  neces- 
sity of  assuming  that  there  are  different  kinds  of  heat,  some  of  which 
are  capable  of  passing  through  glass,  such  as  the  heat  of  the  sun, 
while  others,  such  as  that  radiating  from  the  hand,  are  entirely 
intercepted  by  glass.  But  on  the  undulatory  theory  the  different 
properties  of  heat  are  referred  to  differences  in  the  size  of  the 
waves,  as  the  differences  of  colour  are  accounted  for  in  light.  Heat 
of  the  higher  degrees  of  intensity,  however,  admits  of  a  kind  of 
degradation,  or  conversion  into  heat  of  lower  intensity,  to  which  we 
have  nothing  parallel  in  the  case  of  light.  Thus  when  the  calorific 
rays  of  the  sun,  which  are  of  the  highest  intensity,  pass  through  glass, 
and  strike  a  black  wall,  they  are  absorbed,  and  appear  immediately 
afterwards  radiating  from  the  heated  wall,  as  heat  of  low  intensity, 
and  are  no  longer  capable  of  passing  through  glass.  It  is  as  yet  an 
unsolved  problem  to  reverse  the  order  of  this  change,  and  convert 
heat  of  low  into  heat  of  high  intensity.  The  same  degradation  of 
heat,  or  loss  of  intensity,  is  observed  in  condensing  steam  in  distilla- 
tion. The  whole  heat  of  the  steam,  both  latent  and  sensible,  is 
transferred  without  loss  in  that  process,  to  perhaps  fifteen  times  as 
much  condensing  water;  but  the  intensity  of  the  heat  is  reduced 
from  212°  to  perhaps  100''  Pahr.  The  heat  is  not  lost;  for  the 
fifteen  parts  of  water  at  100°  are  capable  of  melting  as  much  ice  as 
the  original  steam.  But  by  no  quantity  of  this  heat  at  100°  can 
temperature  be  raised  above  that  degree  :  no  means  are  known  of 
giving  it  intensity. 

If  heat  of  low  is  ever  changed  into  heat  of  high  intensity,  it  is  in 
the  compression  of  gaseous  bodies  by  mechanical  means.  Let  steam 
of  half  the  tension  of  the  atmosphere,  produced  at  180°  in  a  space 
otherwise  vacuous,  be  reduced  into  half  its  volume,  by  doubhng  the 
pressure  upon  it,  and  its  temperature  will  rise  to  2  1 2°.  If  the  pres- 
sure be  again  doubled,  the  temperature  wiU  become  250°,  and  the 
whole  latent  heat  of  the  steam  wiU  now  possess  that  high  intensity. 
When  air  itself  is  rapidly  compressed  in  a  common  syringe,  we  have  a 
remarkable  conversion  of  heat  of  low  into  heat  of  very  high  intensity. 

It  may  be  imagined  that  the  elevation  of  temperature  produced  in 
the  friction  of  hard  bodies  has  a  similar  origin ;  that  it  results  from 
the  conversion  of  heat  of  low  intensity,  which  the  bodies  rubbed 
together  possess,  i^vto  lieat  of  high  intensity.     But  it  would  be  neces- 
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sary  fjirtlier  to  suppose  that  a  supply  of  heat  of  low  intensity  to  the 
bodies  rubbed  can  be  endlessly  kept  up,  by  conduction  or  radiation, 
from  contiguous  bodies,  as  there  is  certainly  no  limit  to  the  produc- 
tion of  heat  by  means  of  friction. 

Count  Hiimford,  by  boring  a  cylinder  of  cast  iron,  raised  the 
temperature  of  several  pounds  of  cold  water  to  the  boiHng  point. 
Sir  H.  Davy  succeeded  in  melting  two  pieces  of  ice  in  the  vacuum  of 
an  air-pump,  by  making  them  rub  against  each  other,  while  the 
temperature  of  the  air-pump  itseKand  the  surroundiug  atmosphere  was 
below  32°.  M.  Haldot  observed  that  when  the  surface  of  the  rubber 
was  rough,  only  half  as  much  heat  apj^eared  as  when  the  rubber  was 
smooth.  "When  the  pressure*  of  the  rubber  was  quadrupled,  the  pro- 
portion of  heat  evolved  was  increased  seven  fold.  When  the  rubbing 
apparatus  was  surrounded  by  bad  conductors  x)f  heat,  or  by 
non-conductors  of  electricity,  the  quantity  of  heat  evolved  was 
diminished."^ 

According  to  Pictet,  a  piece  of  brass,  rubbed  with  a  piece  of  cedar 
wood,  produced  more  heat  than  when  rubbed  wdth  another  piece  of 
metal ;  and  the  heat  was  still  greater  when  two  pieces  of  wood  were 
rubbed  together.  He  also  finds  that  solids  alone  produce  heat  by 
friction ;  no  heat  appears  to  arise  from  the  friction  of  one  Hquid  upon 
another  liquid,  or  upon  a  solid,  nor  by  the  friction  of  a  current  of  air 
or  gas  upon  a  liquid  or  solid. 

One  other  point  only  connected  with  the  nature  of  heat  remains,  to 
whicli  there  is  at  present  occasion  to  aUude — ^the  existence  of  a  repul- 
sive property  in  heat.  Such  a  repulsive  power  in  heated  bodies  is 
inferred  to  exist  from  the  appearance  of  extreme  mobility  which 
many  fine  powders  assume,  such  as  precipitated  silica,  on  being 
heated  nearly  to  redness.  Professor  I'orbes  also  attributes  to  such 
a  repulsion  the  vibrations  which  take  place  between  metals  unequally 
heated,  and  the  production  of  tones,  to  which  allusion  has  already 
been  made.  But  this  repulsive  power  was  rendered  conspicuous, 
and  even  measurable,  by  Dr.  Baden  Powell,  in  the  case  of  glass 
lenses,  of  very  slight  convexity,  pressed  together.  On  the  applica- 
tion of  heat,  a  separation  of  the  glasses,  through  extremely  small  but 
finite  spaces,  was  indicated  by  a  change  in  the  tints  wliich  appear 
between  the  lenses,  and  wliich  depend  upon  the  thickness  of  the 
included  plate  of  air.  This  repulsion  between  heated  surfaces  appears 
to  be  promoted  by  whatever  tends  to  the  more  rapid  communication 
of  heat.t 

*  Nicholson's  .Journal,  xivi.  30.  f  Phil.  Trari5.  1834,  p.  485. 
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LIGHT. 

The  mechanical  properties  of  light  constitute  the  science  of  optics, 
and  belong,  therefore,  to  physics,  and  not  to  chemistry.  But  it  may 
be  useful,  by  a  short  recapitulation,  to  recal  them  to  the  memory  of 
the  reader. 

1.  The  rays  of  hght  emanate  mth  so  great  velocity  from  the  sun, 
that  they  occupy  only  7  J  minutes  in  traversing  the  immense  space 
which  separates  the  earth  from  that  luminary.  They  travel  at  the 
rate  of  192,500  miles  in  a  second,  and  would,  therefore,  move  through 
a  space  equal  to  the  circumference  of  our  globe  in  l-8th  of  a  second. 
They  are  propagated  continually  in  straight  Hues,  and  spread  or  diverge 
at  the  same  time ;  so  that  their  density  diminishes  in  the  direct  pro- 
portion of  the  squares  of  their  distance  from  the  sun.  Hence,  if  the 
earth  were  at  double  its  present  distance  from  the  sun,  it  would 
receive  only  one-fourth  of  the  light ;  at  three  times  its  present  distance, 
one-ninth ;  at  four  times  its  present  distance,  one-sixteenth,  &c. 

2.  When  the  solar  rays  impinge  upon  a  body,  they  are  reflected 
from  its  surface,  and  bound  off,  as  an  elastic  ball  striking  against  the 
same  surface  in  the  same  direction  would  do ;  or  they  are  absorbed 
by  the  body  upon  which  they  fall,  and  disappear,  being  extinguished ; 
or  lastly,  they  pass  through  the  body,  which  in  that  case  is  transpa- 
rent or  diaphanous.  In  the  first  case,  the  body  becomes  visible, 
appearing  wliite,  or  of  some  particular  colour,  and  we  see  it  in  the 
direction  in  which  the  rays  reach  the  eye.  In  the  second  case,  the 
body  is  invisible,  no  light  proceeding  from  it  to  the  eye ;  or  it  appears 
black,  if  the  surrounding  objects  are  illuminated.  In  the  third  case, 
if  the  body  be  absolutely  transparent,  it  is  invisible,  and  we  see 
through  it  the  object  from  wliich  the  Hght  was  last  reflected.  But 
light  is  often  greatly  affected  in  passing  through  transparent  bodies. 

3.  If  light  enter  such  media,  of  uniform  density,  perpendicularly 
to  their  surface,  its  direction  is  not  altered ;  but  in  passing  obliquely 
out  of  one  medium  into  another,  it  undergoes  a  change  of  direction. 
If  the  second  medium  be  denser  than  the  first,  the  ray  of  hght  is 
bent,   or  refracted,  nearer  to  the  perpendicular ;  but  in  passing  out 
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from  a  denser  into  a  rarer  medium,  it  is  refracted  from  the  perpen- 
FiG.  48.  dicular.     Thus,  when  the   ray  of 

light  r,  passing  through  the  air, 
falls  obliquely  upon  a  plate  of  glass 
at  the  point  a,  instead  of  continu- 
ing to  move  in  the  same  straight 
line  a  h,  it  is  bent  towards  the 
perpendicular  at  a,  and  proceeds 
in  the  direction  a  c.  The  ray  is  bent  to  the  side  on  wliich  there  is 
the  greatest  mass  of  glass.  On  passing  out  from  the  glass  into  the 
air;  a  rarer  medium,  at  the  point  c,  the  ray  has  its  direction  again 
changed,  and  in  this  case  from  the  perpendicular,  but  still  towards 
the  mass  of  glass.  The  amount  of  refraction,  generally  speaking,  is 
proportional  to  the  density  of  a  body,  but  combustible  bodies  possess 
a  higher  refracting  power  than  corresponds  to  their  density.  Hence 
the  diamond,  melted  phosphorus,  naphtha,  and  hydrogen  gas,  exhibit 
this  effect  upon  light  in  a  greater  degree  than  other  transparent 
bodies.  Dr.  WoUaston  had  recourse  to  this  refracting  power  as  a  test 
of  the  purity  of  some  substances.  Thus,  genuine  oil  of  cloves  had  a 
refracting  power  expressed  by  the  number  1535,  wliile  that  of  an 
impure  specimen  was  not  more  than  1498. 

4.  In  passing  through  many  crystallized  bodies,  such  as  Iceland 
spar,  a  certain  portion  of  light  is  refracted  in  the  usual  way,  and 
another  portion  undergoes  an  extraordinary  refraction,  in  a  plane 
parallel  to  the  diagonal  which  joins  the  two  obtuse  angles  of  the 
crystal.  Such  bodies  are  said  to  refract  doubly,  and  exhibit  a 
double  image  of  any  body  viewed  through  them. 

5.  Eeflected  and  likewise  doubly  refracted  hght  assume  new  pro- 
perties. Common  light,  by  being  reflected  from  the  surface  of  glass, 
or  any  bright  surface  non-metallic,  is  more  or  less  of  it  converted 
into  what  is  called  polarized  light.  If  it  be  reflected  at  one  parti- 
cular angle  of  incidence,  56°  45',  it  is  all  changed  into  polarized 
light;  and  the  further  the  angle  of  reflection  deviates  from  56°,  on 
either  side,  the  less  is  polarized,  and  the  more  remains  common  light. 
56°  is  the  maximum  polarizing  angle  for  glass;  52°.45'  for  water. 
Tlie  light  is  said  to  be  polarized,  from  certain  properties  which  it 
assumes,  which  seem  to  indicate  that  the  ray,  like  a  magnetic  bar,  has 
sides  in  which  reside  peculiar  powers.  One  of  these  new  properties 
is,  that  when  it  falls  upon  a  second  glass  plate,  it  is  not  reflected  in 
the  same  way  as  common  light.  If  the  plane  of  the  second  reflector 
is  perpendicular  to  the  first,  and  the  ray  fall  at  an  angle  of  56°,  it 
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is  not  reflected  at  all,  it  vanifihes ;  but  if  imrallel,  it  is  entirely 
reflected.  Polarized  light  appears  to  possess  some  most  extraor- 
dinary properties,  in  regard  to  vision,  of  useful  application.  It  is  said 
that  a  body  which  is  quite  transparent  to  the  eye,  and  which  appears 
upon  examination  to  be  as  homogeneous  in  its  structure  as  it  is  in  its 
aspect,  will  yet  exhibit,  under  polarized  Hght,  the  most  exquisite 
organization.  As  an  example  of  the  utility  of  this  agent  in  exploring 
mineral,  vegetable,  and  animal  structures.  Sir  D.  Brewster  refers  to 
the  extraordinary  structure  of  the  minerals  apophyllite  and  analcime  ; 
to  the  synamet^ical  and  figurate  disposition  of  siliceous  crystals  in  the 
epidermis  of  equisetaceous  plants,  and  to  the  wonderful  variations  of 
density  in  the  crystalHne  lenses,  and  the  integuments  of  the  eyes  of 
animals,  which  polarized  light  renders  visible."^ 

6.  Decomposition  of  light.     When  abeam  of  light  from  the  sun 

Fig.  49. 


Orange  — 
Red       "■ 


is  admitted  into  a  dark  room,  by  a  small  aperture  r  in  a  window- 
shutter,  and  is  intercepted  in  its  passage  by  a  wedge  or  solid  angle  of 
glass  a  h  c,  it  is  refracted  as  it  enters,  and  a  second  time  as  it  issues 
from  the  glass ;  and  instead  of  forming  a  round  spot  of  white  light, 
as  it  would  have  done  if  allowed  to  proceed  in  its  original  ■  direc- 
tion r  t,  it  illuminates  with  several  colours  an  oblong  space  of  a  white 
card  e/j  properly  placed  to  receive  it.  The  solid  wedge  of  glass  is 
called  a  prism,  and  the  oblong  coloured  image  on  the  card,  the  solar 
spectrum.  Newton  counted  seven  bands  of  different  colours  in  the 
spectrum,  which,  as  they  succeed  each  other  from  the  upper  part  of 
the  spectrum  represented  in  the  figure,  are  violet,  indigo,  blue,  green, 
yellow,  orange,  and  red.  The  beam  of  light  admitted  by  the  aperture 
in  the  window-shutter  has  been  separated  in  passing  through  the 
prism  into  rays  of  different  colours,  and  this  separation  obviously 
depends  upon  the  rays  being  unequally  refrangible.  The  blue  rays 
are  more  considerably  refracted  or  deflected  out  of  their  course,  in 
passing  through  the  glass,  than  the  yellow  rays,  and  the  yellow  rays 

♦  Reports  of  the  British  Association,  vol.  i.     Report  upon  Optics,  by  Sir  B.  Brc\Tstei-. 
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than  the  red.     Hence  the  violet  end  is  spoken  of  as  the  most  refran- 
gible, and  the  red  as  the  least  refrangible  end  of  the  spectrum. 

The  coloured  bands  of  the  spectrum  differ  in  width,  and  are  shaded 
into  each  other ;  and  it  is  not  to  be  supposed  that  there  are  really 
rays  of  seven  different  colours.  Sir  D.  Brewster  has  estabHshed,  in 
his  analysis  of  solar  light,  that  there  are  rays  of  tliree  colours  only, 
blue,  yellow,  and  red,  which  were  well  known  to  artists  to  be  the 
three  primary  colours  of  which  all  others  are  compounded. 

A  certain  quantity  of  white  light,  and  a  portion  of  each  of  the 
primary  rays,  may  be  found  at  every  point  from  the  top  to  the  bottom 
of  the  spectrum.  But  each  of  the  primary  rays  predominates  at  a 
particular  part  of  the  spectrum.  This  point  is,  for  the  blue  rays, 
near  the  top  of  the  spectrum ;  for  the  yellow  rays,  somewhat  below 
the  middle ;  and  for  the  red  rays,  near  the  bottom  of  the  spectrum. 
Hence,  there  exist  rays  of  each  colour  of  every  degree  of  refrangi- 
bility ;  but  the  great  proportion  of  the  yellow  rays  is  more  refrangible 
Pig.  50.  than  the  red,  and  the  great  proportion  of 

i^ed     the  blue  more  refrangible  than  either  the 

spectrum  " 

yellow  or  red.  The  compound  spectrum 
which  we  observe  is  in  fact  produced  by 
the  superposition  of  tliree  simple  spectra, 
a  blue,  a  yellow,  and  a  red  spectrum. 
The  distribution  of  the  rays  in  each  of 
tliese  simple  spectra  is  represented  by  the 
shading  in  the  annexed  figures.  Of  the 
seven  different  coloured  bands  into  which 
Newton  divided  the  spectrum,  not  one  is  a 
pure  colour.  The  orange  is  produced  by  a  predominance  of  the 
yellow  and  red  rays ;  the  green,  by  the  yellow  and  blue  rays,  and  the 
indigo  and  violet  are  essentially  blue,  with  different  proportions  of 
red  and  yellow.^ 

By  placing  a  second  prism  a  d  c,  ina  reversed  position,  in  contact 
with  the  first  prism,  the  colours  disappear,  and  we  have  a  spot  of 
white  h'ght,  as  if  both  prisms  were  absent.  The  three  coloured  rays 
of  the  spectrum,  therefore,  produce  white  light  by  their  union. 

On  examining  the  solar  spectrum,  Dr.  Thomas  Young  observed 
that  it  is  crossed  by  several  dark  lines ;  that  is,  that  there  are  interrup- 
tions  in   the   spectrum,   where   there   is   no  light  of  any  colour. 

*  Sir  David  Brewster,  On  a  New  Analysis  of  the  Solar  Light,  indicating  three  primary 
colours,  forming  coincident  spectra  of  equal  length.  Edinburgh  Phil.  Trans,  vol.  xii. 
p.  123. 
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Fraunhofer  subsequently  found  that  the  Knes  in  the  spectrum  of 
solar  light  were  much  more  numerous  than  Dr.  Young  had  imagined, 
while  the  spectrum  of  artificial  white  flames  contains  all  the  rays 
which  are  thus  wanting.  One  of  the  most  notable  is  a  double  dark 
Kne  in  the  yellow,  which  occurs  in  the  light  of  the  sun,  moon,  and 
planets.  In  the  light  of  the  fixed  stars,  Syrius  and  Castor,  the  same 
double  line  does  not  occur ;  but  one  conspicuous  dark  line  in  the 
yellow,  and  two  in  the  blue.  The  spectrum  of  Pollux,  on  the  con- 
trary, is  the  same  as  that  of  the  sun.  Now  a  very  recent  discovery 
of  Sir  D.  Brewster  has  given  these  observations  an  entirely  chemical 
character.  He  has  found  that  the  white  light  of  ordinary  flames 
requires  merely  to  be  sent  through  a  certain  gaseous  medium  (nitrous 
acid  vapour)  to  acquire  more  than  a  thousand  dark  lines  in  its 
spectrum.  He  is  hence  led  to  infer  that  it  is  the  presence  of  certain 
gases  in  the  atmosphere  of  the  sun  which  occasions  the  observed 
deficiencies  in  the  solar  spectrum.  We  may  thus  have  it  yet  in  our 
power  to  study  the  nature  of  the  combustion  which  lights  up  the 
suns  of  other  systems.  Dr.  Miller,  by  subjecting  the  spectrum  to  the 
absorptive  influences  of  chlorine,  iodine,  bromine,  perchloride  of 
manganese,  and  other  coloured  vapours,  brought  into  view  numerous 
dark  bands  not  previously  observed.  The  spectra  of  coloured  flames 
were  also  marked  by  peculiar  lines. 

Tlie  rays  of  heat  are  distributed  very  unequally  throughout  the 
luminous  spectrum ;  most  heat  being  found  associated  with  the  red 
or  least  refrangible  luminous  rays,  and  least  with  the  violet  rays. 
Indeed,  when  the  solar  beam  is  decomposed  by  a  prism  of  a  higldy 
diathermanous  material,  such  as  rock  salt,  the  rays  of  heat  are  found 
to  extend,  and  to  have  their  point  of  maximum  intensity  consider- 
ably beyond  the  visible  spectrum,  on  the  side  of  the  red  ray.  Hence, 
although  tliere  are  calorific  rays  of  aU  degrees  of  refrangibility,  the 
great  proportion  of  them  are  even  less  refrangible  than  the  least 
refrangible  luminous  rays.  It  is  to  be  observed  that  the  least  refrangi- 
ble rays  are  absorbed  in  greatest  proportion  in  passing  through  bodies 
which  are  not  liighly  diathermanous;  such  as  crown-glass,  and 
water.  Hence  prisms  of  these  substances,  allowing  only  the  more 
refrangible  rays  of  heat  to  pass,  give  a  spectrum  which  is  hottest  in 
the  red,  or  perhaps  even  in  the  yellow  ray,  and  possesses  little  or  no 
heat  beyond  the  border  of  the  red  ray.  The  inequahty  in  refrangibi- 
lity existing  between  the  rays  of  heat  and  of  light  is  decisive  of  the 
fact  that  they  are  peculiar  rays,  that  can  be  separated,  although 
associated  together  in  the  sunbeam.    Indeed,  Melloni  finds  that  light 
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from  both  solar  and  terrestrial  sources  is  divested  of  aU  heat  by  pass- 
ing successively  through  water,  and  a  glass-coloured  green  by  oxide 
of  copper,,  being  incapable  as  it  issues  from  these  media  of  affecting 
the  most  delicate  thermoscope. 

The  light  of  the  sun  is  capable  of  inducing  certain  chemical 
changes  which  depend  neither  upon  its  luminous  nor  calorific  rays, 
but  upon  the  presence  of  what  are  called  chemical  rays.  Thus, 
under  the  influence  of  light,  chlorine  gas  is  capable  of  decomposing 
water,  combining  with  its  hydrogen,  and  liberating  oxygen;  the 
chlorine  in  the  freshly  precipitated  chloride  of  silver  appears  to  be 
liberated,  and  the  colour  of  the  salt  changes  from  white  to  black  from 
the  formation  of  a  subchloride.  Photographic  impressions  are  obtained 
on  paper  by  means  of  this  and  other  salts  of  silver,  particularly  the 
bromide  and  iodide,  wliicli  are  still  more  sensitive  to  light.  A, 
polished  plate  of  silver,  covered  with  the  thinnest  film  of  iodide,  is  em- 
ployed to  receive  the  image  in  the  daguerreotype.  The  moist  chloride 
of  silver  is  darkened  more  rapidly  by  the  violet  than  by  the  red  rays 
of  the  spectrum;  but  tliis  change  is  produced  upon  it  even  when  car- 
ried a  little  way  out  of  the  visible  spectrum  on  the  side  of  the  violet 
ray.  The  rays  found  in  that  situation  are,  therefore,  more  refran- 
gible than  any  other  kind  of  rays  in  the  spectrum.  Their  characte- 
ristic effect  is  to  promote  those  chemical  decompositions  in  wliich 
oxygen  is  withdrawn  from  water  and  other  oxides ;  and  hence  they  are 
sometimes  named  de-oxidizing  rays.  These  rays  were  likemse  sup- 
posed to  communicate  magnetism  to  steel  needles  exposed  to  them  ^ 
but  this  opinion  is  no  longer  tenable. 
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CHEMICAL  NOMENCLATURE  AND  NOTATION. 

There  are  fifty-nine  substances  at  present  known,  which  are  simple, 
or  contain  one  kind  of  matter  only.  Tlieir  names  are  given  in  the 
following  table,  together  with  certain  useful  numbers  which  express 
the  quantities  by  weight,  according  to  which  the  different  elements 
combine  with  each  other.  The  letter  or  symbol  annexed  to  the  name 
is  employed  to  represent  these  particular  quantities  of  the  elements, 
or  the  chemical  equivalents. 

TABLE  OF  ELEMENTARY  SUBSTANCES, 

With  theik  Chemical  EauivALENxs. 
*:f*  For  the  authorities  for  the  numbers  in  this  table,  see  note  at  page  110. 


Names  of 
Elements. 

Symbols 

Equivalents. 

Hydrogen 

Oxy.=  100. 
H  =  12-5. 

^Alg  O3,  alumina. 

Aluminum.  .  . 

Al 

13-69 

171-17 

■<  Alg  CI3,  chloride  of  aluminum. 
(.  AI2  O3,  3SO3,  sulphate  of  alumina. 

Antimony 

Sb 

129-03 

1612-90 

(  SbOg,  oxide  of  antimony. 
i  SbOg,  autimonic  acid. 

(Stibium)  .  . 

Arsenic  .... 

As 

75 

937-50 

f  AsOg,  arsenious  acid. 
(_  AsOg,  arsenic  acid. 

Barium   .... 

Ba 

68-64 

858-01 

(  BaO,  baryta. 

i  BaCl,  chloride  of  barium. 

r  BiO,  oxide  of  bismuth. 

Bismuth .... 

Bi 

70-95 

886-92 

<  BiO,  NOg,  nitrate  of  bismuth. 
(  BiCl,  chloride  of  bisnmth. 

Boron 

B 

10-90 

136-20 

(  BO  3,  boric  or  boracic  acid. 
i,  BFI3,  fluoboric  acid. 

Bromine.  .  .  . 

Br 

78-26 

978.30 

(  BrOj,  bromic  acid. 

^  Brli,  hydrobromic  acid. 

Cadmium  .  .  . 

Cd 

55-74 

696-77 

(  CdO,  oxide  of  cadmium.        [mium. 
i  CdS,  sulphide  or  sulphuret  of  cad- 

Calcium  .... 

Ca 

20 

250-00 

(  CaO,  lime. 

^  CaCl,  chloride  of  calcium. 

^  CO,  carbonic  oxide. 

Carbon    .... 

C 

6 

75.00 

<  CO 2,  carbonic  acid. 

(.  CS2,  sulphide  or  sulphiu:et  of  carbon. 
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Symbols 

Equivalents. 

Names  of 
Elements. 

Hydrogen 

Oxy.=100. 
H.=  12-5. 

Cerium   .... 

Ce 

46 

575 

Chlorine.  .  .  . 

CI 

35-50 

443-75 

Chromium.  .  . 

Cr 

28-15 

351-82 

Cohalt 

Co 

29-52 

368-99 

Copper 

(Cuprum) .  . 

Cu 

31-66 

395-70 

Didymium    .  . 

.  . 

Fluorine  .... 

F 

18-70 

233-80 

Glucinum  .  .  . 

Gl 

26-50 

331-26 

Gold  (Aurum)  . 

Au 

98-33 

1229-16 

Hydrogen  .  .  . 

H 

^ 

12-50 

Iodine 

I 

126-36 

1579-50 

Iridium  .... 

Ir 

98-68 

1233-50 

Iron  (Ferrum) . 

Fe 

28 

35000 

Lanthanum  .  . 

Ln 

48 

600 

Lead 

(Plumbum)  . 

Lithium  .... 

Magnesium  .  . 

Pb 

Li 
Mg 

103-56 

6-43 
12-67 

1294-50 

80-37 
158-35 

Manganese    .  . 

Mn 

27-67 

345-90 

Mercury    (Hy- 
drargyrum) 

Hg 

100-07 

1250-9 

Molybdemmi    . 
Nickel 

Mo 

Ni 

47-88 
29-57 

598-52 
369-68 

Niobium.  .  .  . 

.  . 

.  . 

.  . 

Nitrogen  or 
azote  .... 

N   (or 
Az) 

14 

175-00 

Osmium .... 

Os 

99-56 

1244-49 

r  CeO,  oxide  of  cerium. 

(  Ce203,  sesquioxide  of  cerium. 

rClOg,  chloric  acid. 

j  CIO  7,  perchloric  acid. 

C  CIH,  hydrochloric  acid. 

'CrOg,  chromic  acid. 

CrgOg,  sesquioxide  of  chromium. 

Cr203,    3SO3,   sulphate   of    chro- 
(  CoO,  oxide  of  cobalt.  [miimi. 

(.C02O3,  sesqiaioxide  of  cobalt. 

CugO,  suboxide  of  copper. 

CuO,  oxide  of  copper. 

CuO,  SO 3,  sulphate  of  copper. 


HF,  hydrofluoric  acid. 
BF3,  fluoboric  acid. 
GI2O3  glucina. 
GI2CI3,  chloride  of  glucinum. 
AugO,  oxide  of  gold. 
AugOg,  sesquioxide  of  gold. 
HO,  water. 

HOg,  biuoxide  of  hydrogen. 
10,  iodic  acid. 
HI,  hydi-iodic  acid, 
Ii-O,  protoxide  of  iridium. 
IrgOg,  sesquioxide  of  iridium. 
FeO,  protoxide  of  iron. 
Fe203,  sesquioxide  of  iron. 
FcgOg,  3S0g,  sulphate  of  sesqui- 
oxide of  iron. 
LnO,  oxide  of  lanthanum. 
PbO,  oxide  of  lead. 
PbC],  chloride  of  lead. 
LiO,  oxide  of  lithium. 
LiCl,  chloride  of  Hthium. 
MgO,  magnesia. 
MgCl,  chloride  of  magnesium. 
MnO,  protoxide  of  manganese. 
Mn02,  binoxide  of  manganese. 
MnO  3,  manganic  acid. 
.MuaO,,  permanganic  acid. 
HggO,  suboxide  (black  oxide). 
HgO,  oxide  (red  oxide). 
Hg2Cl,  subcldoride  (calomel), 
.HgCl,  chloride  (sublimate). 
MO 3,  molybdic  acid. 
NiO,  protoxide  of  nickel, 
.  NigOg,  sesquioxide  of  nickel. 


(NO, 

(NH3 
OsO, 


nitric  acid, 
binoxide  of  nitrogen, 
ammonia. 


ammonia. 
,  osmic  acid 
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Names  of 
Elements. 


Oxygen  .  . 
Palladium  . 
Pelopium   . 

Phosphorus 

Platinum    . 

Potassium 
(Kalium) 

Rhodium    . 

Ruthenium 

Selenium    . 

Silicium  .  . 

Silver 

(Argentum) 
Sodium 

(Natronium) 

Strontium  .  . 

Sulphur  .  .  . 

Tantalum  or 
Columbium 

Tellurium  .  . 
Thorium .  .  . 
Tin  (Stannum) 

Titanium    ,  ,  , 

Tungsten 
(Wolfram). 

Uranium.  .  . 

Vanadium  .  .  , 

Yttrium  ... 


Zinc 

Zirconium  .  . 


Symbols 

Equivalents.    j 

Hydrogen 

Oxy.=  100. 
H.  =  12-5. 

0 

8 

100-00 

Pd 

53-27 

665-90 

Ph 

3202 

400-3 

Pt 

98-68 

1233-50 

K 

39-00 

487-50 

R 

52-11 

651-39 

Ru 

5211 

651-39 

Se 

39-57 

494-58 

Si 

21-35 

266-82 

Ag 

108-00 

1350-00 

Na 

22-97 

287-17 

Sr 

43-84 

548-02 

S 

16 

200-00 

Ta 

92-30 

1153-72 

To 

66-14 

801-76 

Th 

59-59 

744-90 

Sn 

58-82 

735-29 

Ti 

24-29 

303-66 

W 

94-64 

1183-00 

U 

60 

750 

V 

68-55 

856-89 

Y 

32-20 

402-51 

Zn 

32-52 

406-59 

Zr 

33-62 

420-20 

(  PdO,  protoxide  of  palladium. 
\  PdOg,  peroxide  of  palladium. 

PhOg,  phosphoric  acid. 

PhOg,  phosphorous  acid. 

PhHg,  phosphuretted  hydrogen. 

PtO,  protoxide  of  platinum. 

PtOa,  binoxide  of  platinum. 

KO,  potash. 

KCl,  chloride  of  potassimn. 

RO,  protoxide  of  rhodium. 

R2O3,  sesquioxide  of  rhodium. 

RugOg,  sesquioxide  of  ruthenium. 

SeOg,  selenic  acid. 

SeH,  hydroselenic  acid. 

SiOg,  silicic  acid,  or  silica. 

SiPg,  fluosilicic  acid. 

AgO,  oxide  of  silver. 

AgCl,  chloride  of  silver. 

NaO,  soda. 

NaCl,  chloride  of  sodium. 

SrO,  strontium. 

SrCl,  chloride  of  strontium. 

SO  3,  sulphuric  acid. 

SH,  hydrosidphm-ic  acid. 

TaO,  oxide  of  tantalum. 

TaOg,  tantalic  acid. 

Te03,  telluric  acid. 

TeH,  hydrotelluric  acid. 

ThO,  oxide  of  thorium. 

ThCl,  chloride  of  thorium. 

SnO,  protoxide  of  tin. 

SnOg,  binoxide  of  tiu. 

TiOa,  titanic  acid. 

TiClg,  bichloride  of  titanium. 


WO  3,  tungstic  acid. 

f  IT O,    oxide   of  uranium 
I  UgOg,  uranic  acid. 

VO3,  vanadic  acid. 
(  YO,  yttria. 
(  YCl,  chloride  of  yttrium. 

ZnO,  oxide  of  zinc. 

ZnCl,  chloride  of  zinc. 
(  Zr203,  zirconia. 
^  ZrgClg,  chloride  of  zirconium. 


[Peligot). 
(urane   of 


*^:*  The  mmabers  in  the  preceding  table  are,  with  several  exceptions,  those  of  Berzelius. 
The  equivalent  of  carbon  has  lately  been  reduced,  with  the  general  concurrence  of  chemists, 
from  76.44,  on  the  oxygen  scale,  to  75,  and  hydrogen  made  12.5  exactly,  chiefly  from 
the  experiments  of  M.  Dumas  on  the  combustion  of  carbon  and  hydrogen  gas  by  means 
of  oxygen  and  oxide  of  copper,  in  his  refmed  arrangement  for  organic  analysis  (Ann.  de 
€himie,  I.  5).     For  nitrogen,  M.  Pelouze  obtained,  by  two  analyses  of  sal-ammoniac,  the 
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numbers  175.58  and  174.78 ;  M.  Mariguac  obtained  for  the  same  element  the  nimiber 
175.25,  from  thfc  analysis  of  nitrate  of  silver ;  and  Dr.  T.  Anderson  has  been  led  to  nearly 
the  same  result,  by  an  analysis  of  the  nitrate  of  lead.  These  results  permit  the  adoption 
of  175  as  the  equivalent  of  nitrogen :  the  old  number  was  177.04. 

The  equivalents  of  chlorine,  potassium,  and  silver,  the  most  fundamental  numbers  in 
the  table,  which  were  determined  by  Berzelius  with  remarkable  precision,  have  received 
email  coiTections  from  M.  Mai-ignac.  Seven  experiments  were  made  by  the  latter  chemist 
on  the  decomposition  of  chlorate  of  potash  by  heat,  in  each  of  which  from  800  to  1100 
grains  of  the  salt  were  employed,  which  gave  him  from  39.155  to  39,167  per  cent,  of 
oxygen;  he  adopts  39.161,  the  actual  result  of  two  experiments.  Berzelius  had  obtained, 
thirty  years  before,  39.15.  Pelouze  has  also  obtained  identically  the  same  result  (Pog- 
gendorff's  Annalen,  Iviii.  171).  On  the  other  hand,  100  parts  of  silver  required  for  pre- 
cipitation from  solution  of  nitrate,  69.062  parts  of  chloride  of  potassium  (mean  of  six 
experiments) ;  the  maximimi  was  69.067,  and  the  minimum  69.049;  while  the  preci- 
pitated chloride  of  silver  amounted  after  fusion  to  132.84  parts,  as  the  mean  of  five 
experiments,  of  which  the  maximum  was  132.844,  and  the  minimimi  132.825  parts 
(Marignac).  These  experiments,  from  which  the  equivalents  are  deduced,  obtain  the 
unqualified  approbation  of  Berzelius,  who  gives  the  numbers  reduced  to  a  vacuum  as 
they  appear  below.  (Rapport  Annuel  sur  le  Progres  de  la  Chimie,  par  J.  Berzelius, 
Paris,  1845,  p.  32). 

Marignac.  Berzelius  (old  numbers.) 

Chlorine  ....  443.20  .  .  442.65 
Potassium  ....  488.94  .  .  489.92 
SUver 1349.01         .         .       1351.61 

Finally,  M.  Maumene  has  investigated  the  same  three  important  equivalents ;  decom- 
posing the  chlorate  of  potash  by  heat,  and  by  guarding  against  certain  minute  sources  of 
inaccuracy,  raising  the  proportion  of  oxygen  from  100  salt  to  39.209 ;  also  decomposing 
the  fused  chloride  of  silver  by  hydrogen  gas,  and  analyzing  the  oxalate  and  acetate  of 
silver.  The  experiments  of  this  chemist  appear  to  be  executed  with  a  degree  of  exactness 
which  can  scarcely  be  exceeded,  and  lead  to  conclusions  of  the  highest  interest,  as  they 
give  numbers  which  approach  so  closely  to  multiples  of  6.25,  the  half  equivalent  of 
hydrogen,  that  the  differences  may  be  safely  considered  as  falling  within  the  unavoidable 
errors  of  observation,  and  the  multiple  numbers  assmned  as  the  true  numbers  for  the 
three  equivalents  in  question,  (Annales,  &c.  1846,  xviii.  41.)     The  results  are  : — 


Maumene. 

Multiple  Numbers. 

Chlorine 

.     443.669 

.     443.75  =  6.25  x     71 

Potassium 

.     487.004 

.     487.50  =    "      X     78 

Silver 

.  1350.322 

.  1350.00  =     "      X  216 

The  following  short  table  contains  numbers  lately  obtained  by  M.  Pelouze,  for  several 
elements,  differing  sensibly  from  the  numbers  of  Berzelius,  for  which  they  ai*e  substi- 
tuted, and  multiples  of  6.25,  to  which  they  all  closely  approximate. 

Pelouze.  Multiples  of  6.25. 

287.17  .  287.50  =  6.25  x  46 
858.03  .  856.25  =  "  x  137 
548.02 
266.82 
400.30 
937.50 

The  equivalent  of  sodium  was  determined  from  the  quantity  of  chloride  of  sodium  required 


Berzelius. 

Sodium 

290.90 

Barium 

856.88 

Strontium  . 

547.29 

Silicium     . 

277.29 

Phosphorus 

392.29 

Arsenic 

940.08 

550.00  =    • 

'      X     88 

268.75  =     ' 

'      X     43 

400  00  =    ' 

'      X     64 

937.50  =     ' 

'     X   150 
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to  precipitate  200  parts  of  silver  from  the  nitrate.  Barium,  strontium,  silicium,  phos- 
phorus,  and  arsenic,  in  a  similar  manner,  also  by  the  quaiitity  of  stfver  which  their 
chlorides  precipitated. 

The  equivalent  of  calcium  is  taken  at  250,  after  Dumas;  MM.  Erdmann  and 
Marchand  have  confirmed  this  equivalent ;  Berzelius  himself  reduces  his  fii'st  number 
from  256.02  to  251.94.  Sulphur  and  mercury  are  also  after  Erdmann  and 
Marchand;  Berzelius  has,  on  recalculating  his  old  results,  reduced  the  number  for  sulphur 
from  201.17  to  200.8. 

The  equivalent  of  iron  was  lately  found  349.80  by  MM.  Swanberg  and  Norlin,  and 
their  results  confirmed  by  Berzelius,  who  now  obtains  350.27  and  350.369  (instead  of 
339.21,  the  old  equivalent):  an  intermediate  number  350  is  adopted  in  the  table. 

The  number  for  zinc  is  that  of  M.  Axel  Erdmann,  who  took  unusual  pains  in  purifying 
the  metal:  it  is  412.63  according  to  M.  Favre,  and  414  according  to  M.  Jacquelain;  the 
number  of  Berzelius  is  403.23. 

The  number  for  m-anium  is  that  ado])ted  by  M.  Peligot ;  it  has  been  found  746.36  by 
M.  Wertheim,  and  742.875  by  Ebelmen. 

The  number  for  gold  is  that  lately  deduced  by  Berzelius  fifom  an  analysis  of  the  double 
chloride  of  gold  and  potassium  (Poggendoi-ff's  Annaleu,  Ixv.  314);  it  replaces  his  former 
number  1243.01.  Those  of  cerium  and  ruthenium  are  by  Hennann  (Annuaire  de  Chimie, 
1835,  p.  130).  M.  Rammelsberg  has  adopted  for  the  former  metal  574.7,  and  M. 
Beringer  577  ;  the  number  of  M.  Hermann  is  intei-mediate.  Ruthenium,  the  new  metal 
from  native  platinum,  is  considered  by  its  discoverer.  Prof.  Hans,  to  be  isomorphous  with, 
and  to  have  the  same  equivalent  as,  rhodium,  from  the  composition  of  the  double  sesqui- 
chloride  of  ruthenium  and  potassium,  2  KCl  +  Rug  Clg. 

No  data  exist  for  fixing  the  equivalents  of  the  metallic  elements  lately  discovered,  whose 
names  appear  in  the  table,  namely,  didymium  found  with  lanthanum  in  cerite  (Mosander ) ; 
niobium  and  pelopium  in  the  tantalite  of  Bavaria  (H.  Rose). 

In  the  class  of  simple  substances  are  placed  all  those  bodies  which 
are  not  known  to  be  compound^  on  the  principle  that  whatever  can- 
not be  decomposed  or  resolved  by  any  process  of  chemistry  into  other 
kinds  of  matter,  is  to  be  considered  as  simple.  They  are  the  only 
bodies  the  names  of  which  are  at  present  independent  of  any  rule. 
An  attempt  was,  indeed,  made  on  the  first  introduction  of  a  syste- 
matic nomenclature,  to  make  the  names  of  several  of  them  signifi- 
cant; but  some  confusion  in  regard  to  their  derivatives  was  found  to 
be  the  consequence  of  this,  and  many  of  them  being  familiar  sub- 
stances, were  almost  of  necessity  allowed  to  retain  the  names  they 
bear  in  common  language  :  such  as,  sulphur,  tin,  silver,  and  the 
other  metals  known  in  the  arts.  To  newly  discovered  elements,  how- 
ever, such  names  were  applied  as  were  suggested  by  any  striking  phy- 
sical property  tliey  possessed,  or  remarkable  circumstance  in  their 
history.  The  names  of  the  newer  metals,  platinum,  potassium,  vana- 
dium, &c.,  have  a  common  termination,  which  serves  to  distinguish 
them  as  metals.  Another  class  of  elementary  bodies,  resembhng 
each  other  in  certain  particulars,  is  marked  in  a  similar  manner; 
namely,  that  composed  of  chlorine,  iodine,  bromine,  and  fluorine. 
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The  names  of  compound  bodies  are  contrived  to  express  their 
composition,  and  the  class  to  which  they  belong,  and  are  founded  on 
a  distribution  of  compounds  into  three  orders,  namely,  fii-st,  com- 
pounds of  one  element  with  another  element;  as,  for  instance,  oxy- 
gen witli  sulphui'  in  stdphuric  acid,  or  oxygen  with  sodium  in 
soda,  which  are  called  binary  compounds.  Secondly,  combina- 
tions of  binary  compounds  with  each  other,  as  of  sulphuric  acid 
with  soda  in  Glauber's  salt,  and  the  salts  generall}-,  which  are 
termed  ternary  compounds.  And  thirdly,  combinations  of  salts 
with  one  another,  or  double  salts,  such  as  alum,  which  are  quaternary 
compounds. 

1. — Of  the  compounds  of  the  first  order,  the  greater  number 
known  to  the  original  framers  of  the  chemical  nomenclature  con- 
tained oxygen  as  one  of  their  two  constituents ;  and  hence  an  exclu- 
sive importance  was  attached  to  that  element.  Its  compounds  with 
the  other  elementary  bodies  may  be  divided  from  their  properties  into  : 
{a)  the  class  of  neutral  bodies  and  bases;  and  {h)  the  class  of  acids. 

{a).  To  members  of  the  first  class  the  generic  term  oxide  was  ap- 
plied, the  fii'st  syllable  of  oxygen,  with  a  termination  {ide)  indica- 
tive of  combination ;  to  which  the  name  of  the  other  element  was 
joined  to  express  the  specific  compound.  Thus  a  compound  of  oxy- 
gen and  hydrogen  is  oxide  of  hydrogen ;  of  oxygen  and  potassium, 
oxide  of  potassium;  of  which  compounds,  the  first,  or  water,  is  an 
instance  of  a  neutral  oxide;  and  the  second,  or  potash,  of  a  base 
or  alkaline  oxide.  But  the  same  elementary  body  often  combines 
with  oxygen  in  more  than  one  proportion,  forming  two  or  more 
oxides;  to  distinguish  which  the  Greek  prefix  [pro to,  irpwTOQ,  first)  is 
applied  to  the  ox:ide  containing  the  least  proportion  of  oxygen;  deuto 
{cEvrepoQj  second)  to  the  oxide  containing  more  oxygen  than  the  pro- 
toxide ;  and  trito  (rpi-oc,  third)  to  the  oxide  contaimng  still  more 
oxygen  than  the  deutoxide;  which  last  oxide,  if  it  contains  the 
largest  proportion  of  oxygen  with  which  the  element  can  unite  to 
form  an  oxide,  is  more  commonly  nomedthe peroxide ;  ivomper,  the 
Latin  particle  of  intensity.  Thus,  the  three  compounds  of  the  metal 
manganese  and  oxygen  are  distinguished  as  follows : 

Composition. 
Names.  Manganese.         Oxygen. 

Protoxide  of  manganese  .         .         100  28.91 

Deutoxide  of  manganese  100  43.36 

Peroxide  of  manganese  .  100  57.82 

As  the  prefix  per  impKes  simply  the  liighest  degree  of  oxidation. 
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it  may  be  applied  to  the  second  oxide  where  there  are  only  two,  as  in 
the  oxides  of  iron,  the  second  oxide  of  which  is  called,  indifferently, 
the  deutoxide  or  peroxide  of  iron.  M.  Thenard,  in  his  Traite  de 
Chimie,  avoids  the  use  of  the  term  deutoxide,  and  confines  the 
application  of  peroxide  to  such  of  these  oxides  as,  like  the  peroxide 
of  manganese,  do  not  combine  with  acids.  He  applies  the  names 
sesquioxide  and  hinoxide  to  oxides,  wliich  are  capable  of  combining 
with  acids,  and  contain  respectively,  once  and  a  half  and  twice  as 
much  oxygen  as  the  protoxides  of  the  same  metal.  He  has  thus  the 
protoxide,  sesquioxide,  and  peroxide  of  manganese,  the  protoxide 
and  sesquioxide  of  iron,  the  protoxide  and  binoxide  of  tin,  &c.  This 
distinction  is  useful,  and  will  be  adopted  in  the  present  work. 
Certain  inferior  oxides,  wliich  do  not  combine  with  acids,  are 
called  suboxides ;  such  as  the  suboxide  of  lead,  which  contains  less 
oxygen  than  the  oxide  distinguished  as  the  protoxide  of  the  same 
metal. 

The  compounds  of  chlorine  and  several  other  elements  are  distin- 
guished in  the  same  manner  as  the  oxides.  Such  elements  resemble 
oxygen  in  several  respects,  particularly  in  the  manner  in  which  their 
compounds  are  decomposed  by  electricity.  Chlorine,  for  example, 
like  oxygen,  proceeds  to  the  positive  pole,  and  is  therefore  classed 
with  oxygen  as  an  electro-negative  substance,  in  a  division  of  ele- 
ments grounded  on  their  electrical  relations.  Thus,  with  the  other 
elementary  bodies. 


Oxygen 

forms 

oxides, 

Chlorine 

" 

chlorides. 

Bromine 

bromides. 

Iodine 

iodides, 

Fluorine 

fluorides. 

Sulphur 

sulphides  (or  sulphurets), 

Phosphorus 

phosphides  (or  phosphurets) 

Carbon 

carbides  (or  carburets). 

Nitrogen 

nitrides, 

Hydrogen 

hydrides, 

Cyanogen  (N  Cg) 

cyanides. 

Sulphion  (S 

34)    . 

sulphionides. 

As  cyanogen  and  sulphion,  although  compound  bodies,  comport 
themselves  in  their  combinations  Kke  electro-negative  elements,  their 
compounds  are  named  in  the  same  manner  as  the  oxides. 

A'VTien  several  chlorides  of  the  same  metal  exist,  they  are  distin- 
guished by  the  same  numerical  prefixes  as  the  oxides.  Thus  we 
have  the  protochloride  and  the  sesquichloride  of  iron ;  the  protochlo- 
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ride,  and  the  bichloride  of  tin.  The  compounds  of  sulphur  greatly 
resemble  the  oxides,  but  they  have  been  generally  named  sulphurets, 
and  not  sulphides  or  sulplmrides.  Berzelius,,  indeed,  applies  the 
terra  sulphuret  to  such  binary  compounds  of  sulphur  only  as  are  basic 
or  correspond  with  basic  oxides ;  while  sulphide  is  applied  by  him 
to  such  as  are  acid,  or  correspond  with  acid  oxides.  Hence,  he  has 
i\iQ  sul2)huret  of  jyotassium,  and  the  sulphide  of  arsenic  ^\s.^  sul- 
phide of  carbon.  Compounds  of  chlorine  are  distinguished  by  him 
into  chlorurets  and  chlorides,  on  the  same  principle ;  thus  he  speaks 
of  the  chloruret  of  potassium,  and  of  the  chloride  of  phosphorus. 
But  these  distinctions  have  not  served  any  important  purpose,  while 
besides  conducing  to  perspicuity  it  is  an  object  of  some  consequence 
in  a  systematic  point  of  view  to  allow  the  termination  ide,  already 
restricted  to  electro-negative  substances,  to  apply  to  all  of  them  with- 
out exception. 

The  combinations  of  metallic  elements  among  themselves  are  dis- 
tinguished by  the  general  term  alloys,  and  those  of  mercury  as 
amalgams. 

(b).  The  binary  compounds  of  oxygen  which  possess  acid  properties 
are  named  on  a  different  principle.  Thus  the  acid  compound  of  tita- 
nium and  oxygen  is  called  tilanic  acid ;  of  chromium  and  oxygen, 
chromic  acid;  or  the  name  of  the  acid  is  derived  from  that  of  the  sub- 
stance in  combination  with  oxygen,  with  the  termination  ic.  Where  the 
same  element  was  known  to  form  two  acid  compounds  with  oxygen,  the 
termination  ous  was  applied  to  that  which  contained  the  least  propor- 
tion of  oxygen,  as  in  sulphurous  and  sulphuric  acids.  On  the  dis- 
covery of  an  acid  compound  of  sulphur  which  contained  less  oxygen 
than  that  already  named  sulphurous  acid,  it  was  called  hyposulphu- 
rous  acid,  (from  the  Greek  vtto,  under) ;  and  another  new  compound, 
intermediate  between  the  sulphurous  and  sulphuric  acids,  was  named 
hyposulphuric  acid.  On  the  same  principle,  an  acid  containing  a 
greater  proportion  of  oxygen  than  that  already  named  chloric  acid 
was  named  hyperchloric  acid,  (from  the  Greek  vrfp,  over;)  but 
now  more  generally  perchloric  acid.  The  names  of  the  different 
acid  compounds  of  oxygen  and  sulphur,  which  have  been  referred  to 
for  illustration,  with  the  relative  proportions  of  oxygen  which  they 
contain,  are  as  follows: 

Composition. 
Names.  Sulphur.  Oxygen. 

Hyposulphurous  acid       .         .         100         .         .  50 

Sulphurous  acid  .  .  .  100  .  .  100 
Hyposulphuric  acid  .  .  100  .  .  125 
Sulphuric  acid        ...         100         .         .         150 
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The  same  system  is  adopted  for  all  analogous  acids.  An  acid  of 
chlorine,  containing  more  oxygen  than  chloric  acid_,  is  named  per- 
chloric acid,  and  other  similar  compounds,  which  all  contain  an  un- 
usually large  proportion  of  oxygen,  are  distinguished  in  the  same 
manner ;  as  periodic  acid,  and  permanganic  acid.  The  percliloric  acid 
is  also  sometimes  called  oxichloric ;  but  this  last  term  does  not  seem 
so  suitable  as  the  first. 

Another  class  of  acids  exists  in  which  sulphur  is  united  with  the 
other  element  in  the  place  of  oxygen.  The  acids  thus  formed  are  called 
sulphur  acids.  The  names  of  the  corresponding  oxygen  acids  are 
sometimes  applied  to  these,  with  the  prefix  sulj)h,  as  sulpharsenious 
and  sulpharsenic  acids,  which  resemble  arsenious  and  arsenic  acids 
respectively  in  composition,  but  contain  sulphur  instead  of  oxygen. 

Lastly,  certain  substances,  such  as  chlorine,  sulphur  and  cyanogen, 
form  acids  with  hydrogen,  which  are  called  hydrogen  acids,  or 
hydracids.  In  these  acid  compounds  the  names  of  both  constitu- 
ents appear,  as  in  the  terms  hydrochloric  acid,  hydrosulphuric  acid, 
and  hydrocyanic  acid.  Thenard  has  proposed  to  alter  these  names 
to  chlorhydric,  sulphohydric,  and  cyanhydric  «^?6/5, which  in  some 
respects  are  preferable  terms. 

2. — Compounds  of  the  second  order,  or  salts,  are  named  accord- 
ing to  the  acid  they  contain,  the  termination  ic  of  the  acid  being 
changed  into  ate,  and  ous  into  ite.  Thus  a  salt  of  sulphuric  acid  is 
a  sulphate;  of  sulphurous  acid,  a  sulphite;  of  hyposulphurous 
acid,  a  hyposulphite ;  of  hyposulphuric  acid,  a  hy po sulphate ;  and  of 
percliloric  acid,  2^  per  chlorate ;  and  the  name  of  the  oxide  indicates 
the  species — as  sulphate  of  oxide  of  silver,  or  sulphate  of  silver ;  for 
the  oxide  of  the  metal  being  always  understood,  it  is  unnecessary 
to  express  it,  unless  when  more  than  one  oxide  of  the  same 
metal  combines  with  acids,  as  sulphate  of  protoxide  of  iron,  and 
sulphate  of  sesquioxide  of  iron.  These  salts  are  often  called  proto- 
sulphate  and  persulphate  of  iron,  where  the  prefixes  proto  and  per 
refer  to  the  degree  of  oxidation  of  the  iron.  The  two  oxides  of  iron 
are  named  ferrous  oxide  and  ferric  oxide  by  Berzelius,  and  the 
salts  referred  to,  the  ferrous  sulphate,  and  the  ferric  sulphate.  The 
names  stannous  sulphate  and  stannic  sulphate  express  in  the  same 
way  the  sulphate  of  the  protoxide  of  tin,  and  the  sulphate  of  the 
peroxide  of  tin.  But  such  names,  although  truly  systematic,  and 
replacing  very  cumbrous  expressions,  involve  too  great  a  change  in 
chemical  nomenclature  to  be  speedily  adopted.  Having  found  its 
way  into  common  language,  chemical  nomenclature  can  no  longer  be 
altered  materially  without  great  inconvenience.     It  must  be  learned 
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as  a  language,  and  not  be  viewed  and  treated  as  the  expression  of  a 
system.  A  sf/jjer-snlphiJiie  contains  a  greater  proportion  of  acid  than 
the  sulphate  or  neutral  sulphate;  a  Z* z -sulphate  twice  as  much,  and  a 
sesqui-sulplmte  once  and  a  half  as  much  as  the  neutral  sulphate; 
while  a  ,«fw ^-sulphate  contains  a  less  proportion  than  the  neutral  salt; 
the  prefixes  referring  in  all  cases  to  the  proportion  of  acid  in  the 
salt,  or  to  the  electro-negative  ingredient,  as  with  oxides.  The 
excess  of  base  in  sub-salts  is  sometimes  indicated  by  Greek  prefixes 
expressive  of  quantity,  as  ^/-chromate  of  lead,  ^/7',v -acetate  of  lead; 
but  this  deviation  is  apt  to  lead  to  confusion.  If  a  precise  expres- 
sion for  such  subsalts  were  required,  it  would  be  better  to  say,  the 
bibasic  subchromate  of  lead,  the  tribasic  subacetate  of  lead.  Eut  the 
names  of  both  acid  and  basic  salts  are  less  in  accordance  with  correct 
views  of  their  constitution,  than  the  names  of  any  other  class  of  com- 
pounds. 

Combinations  of  water  with  other  oxides  are  called  hydrates :  as 
hydrate  of  potash,  hydrate  of  boracic  acid. 

3. — In  the  names  of  quarteniary  compounds  or  of  double  salts, 
the  names  of  the  constituent  salts  are  expressed,  thus  : — Suljfhateof 
alumi)ia  and  potash  is  the  compound  of  sulphate  of  alumina  i3nd 
sulphate  of  potash;  the  name  of  the  acid  being  expressed  only  once, 
as  it  is  the  same  in  both  of  the  constituent  salts.  The  name  alum, 
wliich  has  been  assigned  by  common  usage  to  the  same  double  salt, 
is  likewise  received  in  scientific  language.  The  chloride  of  platinum 
and  potssiuni  expresses,  in  the  same  way,  a  compound  of  chloride  of 
platinum  with  chloride  of  potassium.  An'oxicldoride,  such  as  the 
oxichloride  of  mercury  ^  is  a  compound  of  the  oxide  with  the  chloride 
of  the  same  metal. 

The  fijst  ideas  of  a  chemical  nomenclature  are  dae  to  Guyton  de 
Morveau,  whose  views  were  published  in  1782;  but  the  cliief  merit 
of  the  construction  of  the  valuable  system  in  use  is  justly  assigned  to 
Lavoisier,  who  reported  to  the  rrencli  Academy  on  the  subject,  in  the 
name  of  a  committee,  in  1787.  It  has  not  been  materially  modified 
or  expanded  since  its  fkst  publication.  The  present,  or  Lavoisieriau 
nomenclature,  does  not  furnish  precise  expressions  for  many  new 
classes  of  compounds,  the  existence  of  which  was  not  contemplated  by 
its  inventors,  and  many  of  its  names  express  theoretical  views  of  the 
constitution  of  bodies  which  are  doubtful,  and  not  admitted  by  all 
chemists.  But  its  deficiencies  are  supplied,  and  the  composition  of 
bodies  more  accurately  represented,  in  certain  written  expressions,  or 
chemical  formulte,  wliich  are  also  employed  to  denote  particular  sub- 
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stances^  and  wliich  form  a  valuable  supplement  to  the  nomenclature 
still  generally  used.  These  formulae  are  constructed  on  the  simplest 
principles,  and  besides  supplying  the  deficiencies  of  the  nomencla- 
ture, they  at  once  exhibit  to  the  eye  the  composition  of  bodies,  and 
afford  a  mechanical  aid  in  observing  relations  in  composition,  of  the 
same  kind  as  the  use  of  figures  in  the  comparison  of  aritlmietical  sums. 
Symbols  of  the  elemetits. — Each  elementary  substance  is  repre- 
sented by  the  initial  letter  of  its  Latin  name,  as  will  be  seen  by 
reference  to  the  table  of  elementary  substances,  page  108 ;  but  when 
the  names  of  two  or  more  elements  begin  with  the  same  letter,  a 
second  in  a  smaller  character  is  added  for  distinction ;  thus  oxygen 
is  represented  by  the  letter  O,  the  metal  osmium  by  Os,  fluorine  by  F, 
and  iron  (ferrum)  by  Ee ;  small  letters,  it  is  to  be  observed,  never  being 
significant  of  themselves,  but  employed  only  in  connexion  with  the  large 
letters  as  distinctive  adjuncts.  These  symbols  represent,  at  the  same 
time,  certain  relative  quantities  of  the  elements,  the  letter  O  express- 
ing not  oxygen  indefinitely,  but  100  parts  by  weight  of  oxygen,  and 
Ee  350  parts  by  weight  of  iron,  or  any  other  quantities  of  these  two 
substances  which  are  in  the  proportion  of  these  numbers :  8  parts 
of  oxygen,  for  instance,  and  28  of  iron.  It  will  immediately  be 
explained  that  the  elementary  bodies  combine  with  each  other  in 
certain  proportional  quantities  only,  which  are  expressed  by  one  or  other 
indifferently  of  the  two  series  of  numbers  placed  against  the  names 
of  the  elements  in  the  table  referred  to.  These  quantities  are  con- 
veniently spoken  of  as  the  combining  proportions,  the  equivalent 
quantities,  or  the  equivalents  of  the  elements.  The  symbol,  or  letter, 
of  itself  representing  one  equivalent  of  the  element,  several  equivalents 
are  represented  by  repeating  the  symbol,  or  by  placing  figures  before 
it ;  thus  Ee  Ee,  or  2  Ee,  and  8  O,  mean  two  equivalents  of  iron  and 
three  of  oxygen.  Or  small  figures  are  placed  either  above  or  below 
the  symbol,  and  to  the  right;  thus  Ee2,  and  0^,  or  Ye^  O3,  are  of 
the  same  value  as  the  former  expressions,  but  are  used  only  when 
symbols  are  placed  together  in  the  formulae  of  compounds.  Two 
equivalents  of  an  element  are  sometimes  expressed  by  placing  a  dash 
through,  or  under  its  symbol,  but  such  abbreviations  will  not  be 
made  use  of  in  the  present  work. 

Formula  of  compounds. — The  collocation  of  symbols  expresses 
combination :  thus  Ee  O  represents  a  compound  of  one  equivalent  or 
proportion  of  iron,  and  one  of  oxygen,  or  the  protoxide  of  iron;  SO3, 
a  compound  of  one  equivalent  of  sulphur,  and  three  of  oxygen — that 
is,  one  equivalent  of  sulphuric  acid ;  and  sulphate  of  iron  itself,  con- 
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sisting  of  one  equivalent  of  eacli  of  the  preceding  compounds,  may  be 
represented  as  follows : 

Ee  O     S  O3,  or 

FeO  +  SOa,  or 

PeO,  SO3. 
The  sign  plus  ( + )  or  the  comma,  being  introduced  in  the  second 
and  third  formulae,  to  indicate  a  distribution  of  the  elements  of  the 
salt  into  its  two  proximate  constituents,  oxide  of  iron,  and  sulphuric 
acid,  which  is  not  so  distinctly  indicated  in  the  first  formula.  It  may 
often  be  advantageous  to  make  use  of  both  the  comma  and  the  plus 
sign  in  the  same  formula,  and  then  it  would  be  a  beneficial  practice 
to  use  them  as  in  the  following  formula  for  the  double  sulphate  of 
iron  and  potash : 

FeO,  SO3  +  KO,  SO3, 
in  which  the  comma  is  employed   to   indicate   combination  more 
intimate  in  degree,  or  of  a  higher  order  than  the  plus  sign,  namely, 
of  the  oxide  with  the  acid  in  each  salt,  while  the  combination  of  the 
two  salts  themselves  is  expressed  by  the  sign  + . 

The  small  figures  in  the  preceding  formulae  affect  only  the  symbol 
or  letter  to  which  they  are  immediately  attached.     Larger  figures 
placed  before  and  in  the  same  line  with  the  symbols  apply  to  the 
compound  expressed  by  the  symbols.     Thus  3  S  O3,  means  three 
equivalents  of  sulphuric  acid ;    2  Pb  O,  two  equivalents  of  oxide  of 
lead.     But  the  interposition  of  the  comma  or  plus  sign  prevents  the 
influence  of  the  figure  extending  farther,  thus 
%  Pb  0,     Cr  O3,  or 
^PbO  +  CrOg, 
is  two  proportions  of  oxide  of  lead,  and  one  of  chromic  acid,  or  the 
sub-chromate  of  lead.     To  make  the  figure  apply  to  symbols  which 
are  separated  by  the  comma  or  plus  sign,  it  is  necessary  to  enclose  all 
that  is  to  be  affected  within  brackets,  and  place  the  figure  before 
them.     Thus, 

%  (Pb  O,  Cr  O3) 
means  two  proportions  of  neutral  chromate  of  lead.     The  following 
formulae  of  two  double  salts  with  their  water  of  crystallization,  exhibit 
the  appHcation  of  these  rules  : — 

Iron-alum,  or  the  sulphate  of  peroxide  of  iron  and  potash : 

KO,  SO3  +  ^62  O3,  3  SO3  4-  24  HO 
Oxalate  of  peroxide  of  iron  and  potash : 

8  (K  O,  C,  O3)  +Pe2  O3,  3  C2  O3  +  6  HO. 
It  will  be  found  to  conduce  to  perspicuity,  to  avoid  either  connecting 
two  formulae  of  different  substances  not  in  combination,  by  the  sign 
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plus,  or  allov.ing  them  to  be  separated  merely  by  a  commas  as  the 
plus  aud  comma  between  symbols  or  formulae  are  conveiitioually 
understood  to  miite  the  formulae  into  one,  and  to  express  com- 
bination ;  and  indeed  it  is  advisable  to  wiite  every  complete  formula 
apart,  and  in  a  line  by  itself,  if  possible. 

The  only  other  circumstance  to  be  attended  to  in  the  construction 
of  such  formulae  is  the  arra7iffeme?it  of  the  symbols  or  letters,  which 
is  not  arbitrary.  In  naming  a  binary  compound,  such  as  oxide  of 
iron,  cliloride  of  potassium,  &c.,  we  announce  first  the  oxygen  or 
element  most  resembling  it  in  the  compound ;  that  is,  the  electro- 
negative ingredient ;  but  in  the  formulae  of  the  same  bodies,  it  is  the 
other  or  the  electro-positive  element  which  is  placed  first,  as  in  Ee  O, 
and  K  CI.  In  the  formulae  of  salts,  it  is  likewise  the  basic  oxide  or 
electro-positive  constituent  which  is  placed  first,  and  not  the  acid. 
Thus  the  sulphate  of  potash  is  K  O,  S  O3,  and  not  S  O3,  K  0. 
Information  respecting  the  constitution  of  a  compound  may  often  be 
expressed  in  its  formula,  by  attending  to  this  rule.  Thus  sulphuric 
acid  of  specific  gravity  1.780,  contains  two  proportions  of  water  to 
one  of  acid,  but  by  giving  to  it  the  following  formula  : 

HO,  SOg-fllO, 
we  express  that  one  proportion  only  of  water  is  combined  as  a  base 
with  the  acid,  and  that  the  second  proportion  of  water,  the  formula 
of  which  follows  that  of  the  acid,  is  in  combination  with  tliis  sulphate 
of  water. 

The  above  system  of  notation  is  complete,  and  sufficiently  con- 
venient for  representing  all  binary  compounds,  and  compounds 
belonging  to  the  organic  department  of  the  science,  in  the  formulae 
of  which  the  ultimate  elements  only  are  expressed.  But  when 
salts  and  double  salts  are  expressed,  the  formulae  sometimes  become 
inconveniently  long.  They  may  often  be  greatly  abbreviated,  and 
made  more  distinct,  by  expressing  each  equivalent  of  oxygen  in  an 
oxide  or  acid,  by  a  point  placed  over  the  symbol  of  the  other  element, 
thus : 

Protoxide  of  iron,  Fe. 

Sulphuric  acid,  S. 

Crystallized  sulphate  of  protoxide  of  iron,  Te  S,  H-f  6H. 

Alum,  KS,  AlAl  S3-f24H. 

Felspar,  K  Si,  Al  Al  813. 
Oxalate  of  peroxide  of  iron  and  potash,  3K  CC  +  Fe  Ee,  3CC-f  6H. 
Such  formulae  are  more  compact,  and  more  easily  compared  with  each 
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other,  the  rektion  between  the  mineral  felspar  and  alum  without 
its  water  of  crystallization,  being  seen  at  a  glance  on  thus  placing 
their  formulae  together ;  the  one  having  the  symbol  for  silicium,  the 
other  that  for  sulphiu',  but  everything  else  remaining  the  same.  This 
abbreviated  plan  also  exhibits  more  distinctly  the  relation  between 
the  equivalents  of  oxygen  in  the  different  constituents  of  a  salt,  which 
is  always  important. 

It  is  to  be  observed,  that  the  oxygen  expressed  by  the  points 
placed  over  a  letter  is  brought  under  the  influence  of  the  small  figure 
attached  to  that  letter  :  as,  for  example,  S3  in  the  preceding  formula 
of  alum,  means  three  equivalents  of  sulphuric  acid ;  so  that  tliis  sign 
has  the  same  value  as  if  it  were  written  3  S. 

Equivalents  of  sulphur  are  likewise  sometimes  expressed  by 
commas  placed  over  other  symbols,  as  the  trito-sulphuiide  of  arsenic 

by  As ;  but  such  compounds  are  not  of  constant  occurrence  like  the 
oxides,  and  do  not  create  the  same  necessity  for  a  new  and  arbitrary 
symbol.  A  compound  body,  such  as  cyanogen,  which  combines  with 
a  numerous  series  of  other  bodies,  is  often  for  brevity  expressed  by 
the  initial  letter  or  letters  of  its  name,  as — 
Cyanogen  .  Cy, 
Ethyl  .         E; 

and  the  organic  acids  are  sometimes  expressed  by  a  letter  in  the  same 
way,  but  with  the  minus  sign  ( — )  placed  over  it :  thus — 

Acetic  acid,    by    A, 

Tartaric  acid,  by    T. 
But  arbitrary  characters  of  this  kind  will  always  be  explained  on  the 
occasion  of  their  introduction. 

SECTION  II. — COMBINING  PROPORTIONS. 

All  analyses  prove  that  the  composition  of  bodies  is  fixed  and 
invariable:  100  parts  of  water  are  uniformly  composed  of  11.1  parts 
by  weight  of  hydrogen,  and  88.9  parts  of  oxygen,  its  constituents 
never  varying  either  in  nature  or  proportion.  Tliis  and  other  sub- 
stances may  exist  in  an  unpure  condition,  from  an  admixture  of 
foreign  matter,  but  their  own  composition  remains  the  satne  in  all 
circumstances.  It  is  this  constancy  in  the  composition  of  bodies 
wliich  gives  to  chemical  analyses  all  their  value,  and  rewards  the  vast 
care  necessarily  bestowed  upon  their  execution. 

An  examination  of  the  composition  of  a  class  of  bodies,  such  as  the 
oxides,  containing  an  element  in  common,  shows  that  any  one  element 
unites  with  very  different  quantities  of  the  other  elements.     Thus  in 
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each  of  the  five  oxides  of  which  the  composition  is  given  below,  the  oxy- 
gen and  other  constituents  appear  in  a  different  relation  to  each  other  : 


Composition  of  Oxides, 

Water. 

Oxide  of  Copper. 

Oxide  of  Zinc. 

Oxygen   19.1 
Zinc   .     80.9 

100 

Oxide  of  Lead. 

Oxide  of  Silver. 

Oxygen  .     88.9 
Hydrogen    11.1 

100 

Oxygen  .     20.2 
Copper  .     79.8 

100 

Oxygen     7.2 
Lead     .  92.8 

100 

Oxygen    .     6.9 
Silver       .  93.1 

100 

But  the  relation  between  the  oxygen  and  the  other  constituent  in 
these  oxides  will  be  seen  more  distinctly  by  stating  their  composition 
in  such  a  way  as  to  have  the  oxygen  expressed  by  the  same  number 
in  every  case,  or  made  equal  to  100  parts.     Thus  : 

Composition  of  Oxides. 


Water. 

Oxide  of  Copper. 

Oxide  of  Zinc. 

Oxide  of  Lead. 

Oxide  of  Silver. 

Oxygen     100 
Hydrogen    12.5 

112.5 

Oxygen   .     100 
Copper    .     396 

496 

Oxygen    100 
Zinc      ,  406 

506 

Oxygen    100 
Lead    .  1294 

1394 

Oxygen    .     100 
Silver      .  1350 

1450 

From  which  it  follows,  that — 

12.5  parts  of  hydrogen, 
396      parts  of  copper, 
406      parts  of  zinc, 
1294      parts  of  lead, 
1350      parts  of  silver, 

combine  with  100  parts  of  oxygen. 

These  numbers  prove  to  be  in  some  degree  characteristic  of  the 
substances  to  wliich  they  are  here  attached,  for  when  the  composition 
of  the  sulphides  of  the  same  substances  is  examined,  it  is  found 
that  exactly  corresponding  quantities  of  hydrogen,  copper,  &c.  like- 
wise combine  with  one  and  the  same  quantity  of  sulphur,   although 
not  with  100  parts  of  that  element  as  of  oxygen.     The  conclusion 
from  an  examination  of  the  sulphides  is,  that — 
12.5  parts  of  hydrogen, 
396      parts  of  copper, 
406      parts  of  zinc, 
1294      parts  of  lead, 
1350      parts  of  silver, 

combine  with  200  2)arts  of  sulpht/r. 
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An  examination  of  the  chlorides  of  the  same  five  elements  likewise 
proves,  that — 

1-2.5  parts  of  hydrogen, 
396      parts  of  copper, 
406      parts  of  zinc, 
1294      parts  of  lead, 
1350      parts  of  silver, 

comhine  ivith  ^^^.Ih  parts  of  chlorine. 
Hydrogen,  copper,  &c.  are  indeed  found  to  unite  in  the  propor- 
tions repeated  above,  with  a  certain  or  constant  quantity  of  aU  other 
elements;  as,  for  example, with 978  bromine yVfii\\  1580  iodine,  &c. 
On  extending  the  inquiry  to  other  substances,  it  appears  that  for 
each  of  them  a  number  may  be  found  wliich  expresses  in  hke  manner 
the  proportion  in  which  that  substance  unites  with  ]00  parts  of 
oxygen,  200  of  sulphur,  443.73  of  chlorine,  &c.  These  numbers  con- 
stitute the  combining  proportions,  or  equivalent  quantities  of  bodies, 
wliich  are  introduced  in  the  table  of  the  names  of  the  elements  at  the 
beginning  of  this  chapter,  and  which  are  the  quantities  understood  to 
be  expressed  by  the  chemical  symbols  of  these  bodies. 

Any  series  of  numbers  may  be  chosen  for  the  combining  propor- 
tions, provided  the  true  relation  between  them  is  preserved,  as  in  the 
first  series  of  numbers  given  in  the  same  table,  which  are  aU  12j- 
times  less  than  the  numbers  of  the  second  series.  Hydrogen  is 
reduced  from  12.5  to  1,  oxygen  from  100  to  8,  sulphur  from  200  to 
16  :  altered  in  the  same  proportion,  copper  becomes  31.66,  zinc  32.52, 
lead  103.56,  and  silver  108.  This  series,  or  the  hydrogen  scale, 
is  recommended  by  the  circumstance  that  its  numbers  are  smaller  and 
more  easily  recollected  than  those  of  the  other,  or  oxygen  scale.  The 
equivalents  of  several  of  the  most  important  elements  are  now  also 
generally  allowed  to  be  exact  multiples  of  the  equivalent  of  hydro- 
gen, so  that  the  equivalent  of  the  latter  element  being  1,  the  equiva- 
lents of  the  former  are  accurately  expressed  by  entire  numbers; — 
carbon  by  6,  oxygen  by  8,  nitrogen  by  14,  sulphur  by  16,  and  iron 
by  28. 

Having  reference  to  the  oxygen  series,  it  is  said,  in  general  terms, 
that  the  combining  proportion  of  a  simple  substance  represents  the 
quantity  of  that  substance  which  combines  with  100  parts  of  oxygen  to 
form  a  protoxide.  On  the  hydrogen  scale,  which  I  shall  adopt,  the 
definition  of  a  chemical  equivalent,  or  combining  proportion  becomes 
as  follows : — The  combining  proportion  of  a  simple  substance 
represents  the  quantity  of  that  substance  which  unites  with  8 
parts  of  oxygen  to  form  a  protoxide. 
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The  first  law  of  combination  is,  that  "  bodies  unite  with  each  other 
in  their  combining  proportions  only,  or  in  multiples  of  them,  and  in 
no  intermediate  proportions."  This  law  may  be  illustrated  by  the 
compounds  of  nitrogen  and  oxygen,  which  are  five  in  number,  and 
are  composed  as  follows  : 

Protoxide  of  nitrogen         .     nitrogen  14,  oxygen  8. 

Deutoxide  of  nitrogen         .     nitrogen  ]4,  oxygen  16. 

Nitrous  acid  .         .     nitrogen  14,  oxygen  24. 

-  .        Peroxide  of  nitrogen .         .     nitrogen  14,  oxygen  32. 

Nitric  acid        .         .         .     nitrogen  14,  oxygen  40. 

The  first  compound  consists  of  a  single  combining  proportion  of  each 
of  its  constituents.  But  in  the  other  compounds,  a  single  proportion 
of  nitrogen  is  united  with  quantities  of  oxygen  which  correspond 
exactly  with  two,  three,  four,  and  five  combining  proportions  of  that 
element.  In  the  greater  number  of  binary  compounds  one  of  the 
constituents  at  least  is  present  in  the  proportion  of  a  single  equiva- 
lent, hke  the  nitrogen  in  this  series,  while  the  other  constituent, 
generally  the  oxVgen  in  oxides,  and  the  electro-negative  element  in 
other  compounds,  is  present  in  a  multiple  of  its  combhiing  propor- 
tion. But  the  number  of  equivalents  wdiich  may  enter  into  a  com- 
pound is  subject  to  considerable  variation,  as  will  appear  from  the 
following  examples. 


One  eq. 

of  oxygen 

+ 

One  eq.  of  hydrogen,  forms  water. 

Two     „     oxygen 

+ 

One      „     hydrogen,  form  peroxide  of  hydrogen 

One     , 

,     oxygen 

+ 

Two      „     copper,     forms    suboxide  of  copper. 

One     „     sulphur 

+ 

Three   „     oxygen,        „       suljjhuric  acid. 

Two     , 

,     suli)hur 

+ 

Two      „     oxygen,     form    hyposulphm-ous  acid. 

Two     , 

„     iron 

+ 

Three    „     oxygen        „        peroxide  of  ii-on. 

Two     , 

„     sulphur 

+ 

Five      „     oxygen        „        hj^josulphuric  acid. 

Two     „     manganese 

+ 

Seven    „     oxygen        „        hypermanganic  acid. 

Representing  the  constituents  of  a  binary  compound  by  A  and  B, 
the  last  being  the  oxygen  or  electro -negative  constituent,  the  most 
frequent  combinations  are  A  -F  B,  A  +  2B,  A  -f  3B,  and  A  -f  5B.  The 
combination  of  2A-J-3B,  is  not  unfrequent,  but  2A-}-B,  A+4B, 
A  +  7B,  2A  +  2B,  or  2A  4-  5B,  are  of  comparatively  rare  occurrence. 
Combination  between  two  elements  is  not  known  to  occur  in  more 
compHcated  ratios  than  the  preceding,  if  the  compounds  of  carbon 
and  hydrogen  be  excepted,  which  are  numerous,  and  exhibit  great 
diversity  of  composition,  like  the  compounds  of  organic  chemistry 
generally,  to  which  they  properly  belong. 

Combination  lil{:ewise  takes  place  among  bodies  which  are  them- 
selves compound,   in  proportional  quantities,  which  are  fixed   and 
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determined  by  the  law,  that  "  the  combhiing  number  of  a  compound 
body  is  always  the  sum  of  the  combining  numbers  of  its  consti- 
tuents/' Thus  oil  of  vitriol,,  which  contains  water  and  sulphuric 
acid,  is  composed  of  these  bodies  in  the  proportion  of — 

Water         .         .         .9 

Sulphuric  acid  .  .40 
in  which  the  combining  proportion  of  the  water  (9)  is  the  sum  of  the 
equivalents  of  its  constituents ;  namely,  of  oxygen  8,  and  of  hydro- 
gen 1 ;  and  that  of  sulphuric  acid  (40),  of  those  of  sulphur  16,  and 
of  oxygen  24  ;  there  being  three  proportions  of  oxygen  in  sulphuric 
acid.  The  combining  proportion  of  oxide  of  zinc  is  40.52,  the  sum 
of  oxygen  8,  and  zinc  32.52;  and  the  compound  of  this  oxide  with 
sulphuric  acid,  or  the  salt,  sulphate  of  zinc,  consists  of — 

Oxide  of  zinc         .     40.52 

Sulphuric  acid       .     40. 


80.52 
.  Of  potash,  the  combining  proportion  is  47  ;  or  oxygen  8,  added 
to  potassium  39 ;  and  to  this  proportion  of  potash  the  usual  pro- 
portion of  sulphuric  acid  is  attached  in  the  sulphate  of  potash,  wliich 
is  composed  of — 

Potash  .         .     47 

Sulphuric  acid       .     40 

87 
Of  these  salts  themselves,  the  combining  proportions  ought  to  be  the 
sums  obtained  by  the  addition  of  the  numbers  of  their  constituents ; 
and  accordingly  the  double  sulphate  of  zinc  and  potash  consists  of — 

Sulphate  of  zinc     .     80.52 

Sulphate  of  potash      87  .      . 


167.52 
Of  nitric  acid  the  constituents  are  one  eq.  of  nitrogen  14,  and  five  of 
oxygen  40,  making  together  54,  wliich  is  the  combining  proportion 
of  that  acid,  and  is  found  to  unite  with  9  water,  \\dth  40.52  oxide  of 
zinc,  and  with  47  potash;  or  with  the  same  quantities  of  these 
oxides  as  combine  with  40  sulphuric  acid.  Carbonic  acid  is  com- 
posed of  one  proportion  of  carbon  6,  and  two  proportions  of  oxygen 
16,  so  that  its  combining  number  is  22 ;  in  wliich  proportion  it 
unites  with  47  potash,  to  form  carbonate  of  potash.  The  equiva- 
lent quantities  of  all  other  acids  and  bases  correspond  in  Hke  manner 
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with  the  numbers  deducible  from  their  composition.  Indeed,  the  law 
is  found  to  hold  in  compounds  of  every  class  and  character,  and 
whether  they  contain  few  or  many  equivalents  of  their  elements. 

Compound  bodies  hkewise  unite  among  themselves  in  multiples  of 
their  combining  proportions,  as  well  as  in  single  equivalents.  Thus 
47  potash  combine  with  52.15  chromic  acid,  and  with  double  that 
quantity,  or  104.30,  chromic  acid,  to  form  the  yellow  and  red  chro- 
mates  of  potash ;  the  first  containing  one  equivalent,  and  the  second 
two  equivalents  of  acid.  The  occurrence  of  multiple  proportions 
was  well  illustrated  by  Dr.  Wollaston  in  the  carbonate  and  bicarbo- 
nate of  potash.  A  quantity  of  the  latter  salt  being  divided  into  equal 
parts,  one  half  was  exposed  to  a  red  heat,  by  the  effect  of  wliich  the 
salt  lost  some  carbonic  acid  and  became  neutral  carbonate ;  and  both 
portions  being  afterwards  decomposed  by  an  acid,  the  salt  in  its 
original  condition  was  found  to  afford  a  measure  of  carbonic  acid  gas 
exactly  double  of  that  yielded  by  the  portion  exposed  to  the  high 
temperature.  By  experiments  equally  simple  and  convincing,  he 
proved  that  in  the  three  salts  formed  by  oxahc  acid  and  potash,  the 
quantities  of  acid  which  combine  with  the  same  quantity  of  alkali  are 
rigorously  among  themselves  as  the  numbers  1,  2,  and  4.  The  com- 
position of  aU  other  super-  and  sub-salts  is  found  to  be  in  conformity 
with  the  same  law,  one  of  the  constituents  being  always  present  in 
the  proportion  of  two  or  more  equivalents. 

The  combining  proportions  of  compound  bodies  depend  entirely, 
therefore,  upon  those  of  their  constituents,  or  upon  the  equivalents  of 
the  elementary  bodies.  The  mode  of  determining  these  fundamental 
equivalents  generally  consists,  as  may  be  anticipated,  in  ascertaining 
the  quantity  of  any  element  which  exists  united  with  8  parts  of 
oxygen  in  the  protoxide  of  that  element,  which  quantity  is  viewed  as 
a  single  equivalent.  Thus,  of  hydrogen  and  lead,  the  protoxides  are 
water  and  Htharge,  in  which  respectively  8  oxygen  are  associated 
with  1  hydrogen  and  103.56  lead,  wliich  numbers  are  therefore  single 
equivalents  of  these  elementary  substances.  But  the  difficulty  still 
remains  to  know  what  is  a  protoxide ;  for  the  rule  is  not  followed  in 
aU  cases  to  consider  that  oxide  of  an  element  as  the  protoxide  which 
contains  the  least  proportion  of  oxygen.  When  only  one  oxide  is 
known,  it  is  presumed  to  be  a  protoxide,  and  composed  of  single 
equivalents,  unless  it  corresponds  in  properties  with  a  higher  degree 
of  oxidation  of  some  other  element ;  and  of  several  oxides  of  the  same 
element,  that  containing  least  oxygen  is  viewed  as  the  protoxide,  unless 
a  higher  oxide  has  better  claims  to  be  considered  as  such.     Hence 
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magnesia  and  oxide  of  zinc  being  the  only  oxides  of  magnesium  and 
zinc  known,  are  protoxides ;  and  water,  litharge,  potash,  soda,  lime, 
and  protoxide  of  iron,  wliicli  are  all  the  lowest  oxides  of  different 
metals,  are  admitted  without  objection  to  be  protoxides,  and  become 
standards  of  comparison  for  this  class  of  bodies ;  while  alumina,  the 
only  oxide  of  aluminum,  differing  entirely  from  the  protoxide  of  iron, 
but  closely  resembhng  the  peroxide  of  that  metal,  is  considered  a 
peroxide  of  similar  constitution,  or  to  contain  three  equivalents  of 
oxygen  and  two  of  metal.  Now  in  alumina  24  oxygen,  or  tlu-ee 
equivalents,  are  united  with  27.38  aluminum,  one  half  of  which 
number,  or  13.69,  is  therefore  the  equivalent  of  aluminum.  The 
true  protoxide  of  aluminum,  if  it  is  capable  of  existing,  still  remains 
to  be  discovered.  The  green  oxide  of  chromium,  which  was  tiU 
lately  the  lowest  degree  of  oxidation  known  of  that  metal,  was  not- 
withstanding considered  a  peroxide,  being  analogous  to  alumina  and 
the  peroxide  of  iron.  On  the  other  hand,  the  second  degree  of  oxida- 
tion of  copper,  or  the  black  oxide,  and  not  the  first  degree  of  oxida- 
tion of  that  metal,  must  be  viewed  as  the  protoxide,  or  as  composed  of 
single  equivalents,  from  its  correspondence  with  the  protoxide  of  iron 
and  a  large  class  of  admitted  protoxides.  The  lower  degree  of  oxida- 
tion of  copper  or  the  red  oxide,  which  contains  only  half  the  propor- 
tion of  oxygen  in  the  black  oxide,  comes  therefore  to  be  considered 
a  suboxide ;  a  compound  of  two  equivalents  of  metal  and  one  of 
oxygen.  For  reasons  somewhat  similar,  the  higher  of  the  two  grades 
of  oxidation  of  mercury,  or  the  red  oxide  of  that  metal,  is  now  gene- 
rally received  as  the  protoxide,  and  the  ash-coloured  oxide  reputed  a 
suboxide.  These  suboxides  of  mercury  and  copper  are  capable  of 
combining  with  acids,  but  they  are  the  only  suboxides  which  possess 
that  property.  It  is  the  character  of  metallic  protoxides  to  form 
salts  with  acids ;  and  of  several  oxides  of  the  same  metal,  the  pro- 
toxide is  always  the  most  powerful  base. 

Bodies  likewise  replace  each  other  in  combination,  in  equivalent 
quantities.  Thus  in  the  decomposition  of  water  by  chlorine,  which 
occurs  in  certain  circumstances/  35.5  parts  of  chlorine  unite  with 
1  hydrogen  or  one  equivalent  of  that  body,  to  form  hydrocliloric 
acid,  and  displace  at  the  same  time  and  liberate  8  parts  of  oxygen. 
Hence  the  number  35.5  represents  the  combining  proportion  of 
chlorine,  which  is  equivalent  in  combination  to,  or  can  be  substituted 
for,  8  oxygen.  Again,  in  decomposing  hydriodic  acid,  35.5  chlorine 
unite  with  1  hydrogen,  and  liberate  126.36  iodine,  wb'ch  propor- 
tion  of    iodine    may  again  acquire    1  hydrogen,  by  decomposing 
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sulpliuretted  li3^drogcn^  and  set  free  16  sulphur.  Hence  126.36  and 
16  are  the  equivalent  quantities  of  iodine  and  sulphur,  which 
take  the  place  of  35.5  clilorine  or  8  oxygen  in  combination  with 
1  hydrogen. 

When  32.52  grains  of  zinc  are  introduced  into  a  solution  of  nitrate 
of  copper,  they  dissolve,  acquiring  8  oxygen  and  54  nitric  acid,  and 
become  nitrate  of  zinc,  Avhile  31.66  parts  of  metallic  copper  are 
deposited,  which  had  previously  been  in  the  state  of  nitrate,  and  in 
combination  with  the  above-mentioned  quantities  of  oxygen  and 
nitric  acid,  and  the  solution  remains  otherwise  unaltered.  Zinc 
tlu-ows  down  nearly  all  the  metals  from  their  solutions  in  acids  in  the 
same  manner,  and  if  the  quantity  of  this  substance  introduced  into 
the  solutions,  and  dissolved,  be  a  combining  proportion,  as  in  the 
instance  given,  the  quantities  of  the  metals  precipitated  will  also  be 
combining  proportions  of  those  metals.  The  quantity  of  zinc 
employed  may  be  varied,  but  the  quantity  of  other  metal  precipitated 
will  still  be,  to  the  quantity  of  zinc  dissolved,  in  the  ratio  of  the 
combining  numbers  of  the  two  metals.  Lead,  copper,  tin,  or  any 
other  metal,  when  it  acts  like  zinc  as  a  precipitant,  hkewise  throws 
down  equivalent  quantities  of  other  metals,  and  takes  their  place  in 
the  pre-existing  compound.  This  substitution  of  one  metal  for 
another,  in  a  saline  compound,  without  any  change  in  tlie  character 
of  the  compound,  shows  how  justly  the  combining  proportions  of 
bodies  are  termed  their  equivalent  quantities  or  equivalents.  The 
metal  displaced,  and  that  substituted  for  it,  have  evidently  the  same 
value  in  the  construction  of  the  compound,  and  are  truly  equivalent 
to  each  other. 

The  equivalent  proportions  of  such  oxides  as  are  bases  are  ascer- 
tained by  finding  what  quantity  of  each  saturates  the  known  com- 
bining proportion  of  an  acid.  Thus,  to  saturate  40  parts,  or  a 
combining  proportion  of  sulphuric  acid,  the  following  proportions  of 
different  bases  are  requisite,  and  are  equivalent  in  producing  that 
effect : 

Magnesia  .         •  •      .         .       20.67 

Lime  ....       28 

Soda  ....       31 

Protoxide  of  manganese     .         .       35.67 
Potash  .         .         .         .47 

Strontian  .         .         .         .51.84 

Baryta  ....       76.64 

Protoxide  of  lead       .         .         .     111.56 
Oxide  of  silver  .         .         .116 
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The  addition  of  these  bodies  to  sulphuric  acid  in  the  above  pro- 
portions destroys  its  sour  taste  and  other  properties  as  an  acid,  of 
which  one  of  the  most  characteristic  is  that  of  reddening  certain 
vegetable  blue  colours,  such  as  litmus.  The  acid  is  said  to  be 
neutralized  or  saturated,  and  the  product  or  compound  formed  is  a 
neutral  salt,  which  does  not  alter  the  blue  colour  of  litmus.  Of  the 
bases  mentioned,  magnesia  has  the  greatest  saturating  power,  and 
oxide  of  silver  the  least ;  the  proportion  of  these  bases  necessary  to 
saturate  the  same  quantity  of  sulphuric  acid  being  20.67  of  the 
former,  and  115.92  of  the  latter. 

Conversely,  the  equivalent  proportions  of  acids  are  the  quantities 
which  neutralize  the  known  equivalent  of  any  base  or  alkali.  Thus 
47.12  parts  of  potash,  or  a  combining  proportion,  is  deprived  of  its 
alkaline  properties, — of  which  the  most  obvious  are  its  caustic  taste 
and  power  to  restore  the  blue  colour  of  reddened  litmus, — by  the 
following  proportions  of  different  acids,  and  a  neutral  compound  or 
salt  produced  in  every  case  : — 

Sulphurous  acid       .         .         .         .32 


Sulphuric  acid 

40 

Hydrocliloric  acid    . 

86.5 

Nitric  acid 

54 

Chloric  acid 

76.5 

Hyperchloric  acid    . 

92.5 

Iodic  acid 

166.36 

Hyperiodic  acid 

. 

182.36 

It  thus  appears  that  the  acids  differ 

as  widely 

among  themselves 

in  their  equivalent  quantities  as  the  bases  do.  The  equivalent 
of  either  an  acid  or  base  thus  deduced  from  its  naturalizing  power 
is  always  the  same  as  that  indicated  by  its  composition,  namely  the 
sum  of  the  equivalent  nimibers  of  its  constituents.  As  the  bases 
wliich  saturate  acids  fully  are  all  protoxides,  it  also  necessarily 
follows  that  100  parts  of  oxygen  are  always  contained  in  the  propor- 
tion of  base  which  neutralizes  the  equivalent  of  an  acid. 

The  equivalents  of  both  acids  and  bases  are  likewise  observed  in 
those  decompositions  in  which  one  acid  is  substituted  for  another 
acid  in  combination,  or  one  base  for  another  base.  Thus  an  equiva- 
lent of  sulphuric  acid  is  found  to  disengage  the  equivalent  quantity 
exactly  of  sulphurous  acid  from  the  sulphite  of  soda,  of  nitric  acid 
from  the  nitrate  of  potash,  or  of  hydrocliloric  acid  from  the  cliloride  of 
sodium,  and  to  replace  it  in  combination  with  the  base,  forming  in 
every  case  a  neutral  sulphate.    Aii  equivalent  of  potash  separates  in 
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like  manner  an  equivalent  of  magnesia,  of  lime,  of  barytes,  or  of  pro- 
toxide of  lead,  from  its  combination  wdth  an  acid.  The  proportion  of 
acid  or  base  necessary  to  produce  a  certain  amount  of  decomposi- 
tion may  therefore  be  calculated  from  a  knowledge  of  the  equivalents 
of  bodies;  and  such  knowledge  comes  to  be  of  the  most  frequent  and 
valuable  apphcation  for  practical  purposes. 

But  the  substitution  of  equivalent  quantities  of  different  bodies  for 
one  another  is  most  strikingly  exliibited  in  the  decompositions  which 
follow  the  mixture  of  certain  neutral  salts.  An  equivalent  of  sulphate 
of  magnesia  being  mixed  with  an  equivalent  of  nitrate  of  barytes,  the  two 
bases  exchange  acids,  the  original  salts  disappear  completely,  and  two 
new  salts  are  produced — ^the  sulphate  of  barytes,  which  is  insoluble  and 
precipitates,  and  the  nitrate  of  magnesia,  which  remains  in  solution  ; 
as  represented  in  the  following  diagram,  in  which  the  equivalent 
quantities  are  expressed : — 

Before  decomposition.  After  decomposition. 

60.67  sulphate       C  20.67  magnesia         .         .  .,74.67  nitrate  of 

of  magnesia        1 40  snlphuric  acid      .         .  ,-''        magnesia. 

130.64  nitrate       r  54  nitric  acid  .         .  ,-'^^^\^ 

of  barytes  1 76.64       .         .         . 2^116  64  sulphate 

of  barytes. 

After  a  double  decomposition  of  this  kind,  the  liquid  remains 
neutral,  or  there  is  no  redundancy  of  either  acid  or  base ;  because 
each  of  the  new  salts  is  composed  of  a  single  equivalent  of  acid  and 
of  base,  Hke  the  salts  from  which  they  are  formed.  If  one  of  the 
salts  be  added  in  a  larger  proportion  than  its  equivalent  quantity,  the 
excess  does  not  interfere  with  the  decomposition,  and  remains 
itseK  unaffected,  the  decomposition  proceeding  no  farther  than  the 
equivalents  present.  Hence  the  general  observation,  that  neutral 
salts  continue  neutral  after  decomposition,  in  whatever  proportions 
they  may  be  mixed. 

But  the  modes  of  fixing  the  equivalent  numbers  which  have  been 
stated  are  inapplicable  to  several  elementary  bodies;  such  as  nitrogen, 
phosphorus,  carbon,  boron,  and  some  metals  of  which  the  protox- 
ides are  not  bases,  and  axe  uncertain.  Nitrogen  enters  into  nitric 
acid,  of  which  acid  it  is  known  that  the  equivalent  is  54,  and 
that  it  contains  five  equivalents  or  40  parts  of  oxygen,  and  conse- 
quently 14  parts  of  nitrogen.  It  is  doubtful,  however,  whether  14 
represents  one  or  two  equivalents  of  nitrogen.  But  the  equivalent  of 
ammonia  likewise  contains  14  nitrogen,  and  a  less  proportion  is  never 
found  in  the  equivalent  of  any  other  compound  into  which  that 
element  enters.     The  number  14  is,  therefore,  the  least  combining 
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proportion  of  nitrogen,  and  must  on  that  account  be  taken  as  one 
equivalent.  The  equivalent  of  phosphorus  can  be  shown  on  the 
same  principle  to  be  32,  that  of  arsenic  75,  and  that  of  antimony  129, 
as  given  in  the  tables,  and  not  the  halves  of  these  nimibers,  as  often 
estimated.  These  three  bodies  agree  with  nitrogen  in  their  chemical 
relations,  and  the  numbers  recommended  represent  the  quantities 
which  replace  14  nitrogen  in  analogous  compounds.  The  equivalent 
of  carbon  may  be  deduced  from  the  known  equivalent  of  its  com- 
pound, carbonic  acid:  but  the  equivalents  of  boron  and  silicum 
cannot  be  fixed  upon  with  the  same  certainty,  owing  to  the  doubt 
which  hangs  over  the  equivalents  of  boracic  and  silicic  acids. 

Of  the  facts  which  involve  the  principle  of  combination  in  definite 
and  equivalent  proportions,  the  last  mentioned  appears  to  have  been 
the  first  observed  and  explained.  Wenzel,  of  Preiberg  in  Saxony, 
so  far  back  as  1777,  made  an  analysis  of  a  great  variety  of  salts  with 
surprising  accuracy,  which  enabled  him  to  perceive  that  the  neutrality 
which  is  observed  after  the  reciprocal  decomposition  of  neutral  salts 
depends  upon  this, — that  the  quantities  of  different  acids  which  satu- 
rate an  equal  weight  of  one  base  will  also  saturate  equal  weights  of 
any  other  base. 

Eichter  of  Berlin  confirmed  and  extended  the  observations  of 
Wenzel,  attaching  proportional  numbers  to  the  acids  and  bases,  and 
remarking  for  the  first  time  that  the  neutrality  does  not  change 
during  the  precipitation  of  metals  by  each  other,  and  also  that  the 
proportion  of  oxygen  in  the  equivalents  of  bases  is  the  same  in  aU, 
and  may  be  represented  by  100  parts.  But  the  first  foundations  of 
a  complete  system  of  equivalents,  embracing  both  simple  bodies  and 
their  compounds,  were  laid  by  Dalton,  at  the  same  time  that  he 
announced  his  atomic  theory.*  The  observation  that  the  equivalent 
of  a  compound  body  is  the  sum  of  the  equivalents  of  its  constituents, 
and  the  discovery  of  combination  in  multiple  proportions,  are 
peculiarly  his.  Dr.  Wollaston  afterwards  adapted  the  more  impor- 
tant equivalents  to  the  common  sliding  rule  of  Gunter,  by  means  of 
which,  proportions  can  be  observed  without  the  trouble  of  calculation. 
.  This  instrument,  which  is  known  under  the  name  of  tlie  scale  of 
chemical  equivalents,  contributed  largely  to  the  diffusion  of  the 
knowledge  of  the  proportional  numbers,  but  is  not  itself  of  much 
practical  value. 

The    numerical  accuracy   of  the  equivalents  assigned   to  bodies 
depends  entirely  upon  the  exactness  of  the  chemical  analyses  from 
*  New  System  of  Chemical  Philosophy,  1807- 
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which  they  arc  deduced.  The  generally  received  series  of  numbers, 
which  is  adopted  in  this  work,  was  drawn  up  by  Berzelius  from  data 
supphed  in  a  great  measure  by  himseK.  The  consideration  of  the  laws 
of  Wenzel  and  Eichter,  which  were  long  overlooked  or  misunderstood, 
was  revived  by  him,  and  by  a  series  of  analytical  researches  unrivalled 
for  their  extent  and  accuracy  he  first  impressed  upon  chemistry  the 
character  of  a  science  of  number  and  quantity,  which  is  now  its 
highest  recommendation.  Several  of  Berzelius^s  numbers  received  a 
valuable  confirmation  from  Dr.  Turner,  whose  inquiries  were  especially 
directed  to  test  an  hypothesis  respecting  them  proposed  and  ably 
maintained  by  Dr.  Prout ;  namely,  that  the  equivalents  of  all  the 
elements  are  multiples  of  the  equivalent  of  hydrogen,  and  consequently 
if  that  equivalent  be  made  equal  to  1,  all  the  others  will  be  whole  num- 
bers."^ Dr.  Penny  took  a  part  in  the  same  inquiry,  (Ibid.  1 839,  p.  1 3) . 
More  lately  laborious  researches  have  been  undertaken  with  the  same 
object  by  Dumas,  Marignac,  Pelouze,  and  others,  whose  results  are 
quoted  under  the  table  of  equivalents.  It  appears  to  be  definitivelv 
settled  that  the  equivalents  of  the  elements  are  not,  without  excep- 
tion, multiples  of  the  equivalent  of  hydrogen.  The  number  for 
chlorine  (35*5)  is  conclusive  against  that  hypothesis.  At  the  same 
time,  the  accurate  determinations  of  the  equivalents  of  clilorine 
silver,  and  potassium,  by  Maumine,  lend  positive  support  to  the  opinion 
that  these  and  all  other  equivalents  are  multiples  of  half  the  equivalent 
of  hydrogen.  So  do  the  recent  determinations  of  carbon  and  hydroo-en 
in  reference  to  oxygen,  and  those  of  nitrogen,  sodium,  iron,  and  cal- 
cium. The  number  for  lead  also,  upon  the  determination  of  which 
extraordinaiy  pains  have  been  bestowed  by  Berzelius  at  difi'erent  times 
namely  103*56,  is  favourable  to  the  same  view.  ]Vow  these  are  the 
equivalents  upon  which,  above  all  others,  our  knowledge  is  most 
precise  and  certain. 

Might  not,  therefore,  the  equivalent  of  hydrogen  be  divided  by 
two,  by  which  clilorine  would  become  71  and  lead  207,  hydrogen 
being  I  ?  The  multiple  relation  would  not,  however,  be  established 
by  dividing  the  equivalent  of  hydrogen,  for,  as  is  justly  observed  by 
BerzeHus,  the  chemical  reasons  which  are  adduced  for  the  division  of 
the  equivalent  of  hydrogen  apply  with  equal  force  to  the  equivalent 
of  chlorine,  and  the  one  cannot  be  divided  without  dividing  the 
other.  The  equivalent  of  cldorine  would,  therefore,  still  remain  a 
multijjle  of  half  the  equivalent  of  hydrogen. 

*  Philosophical  Trausiictions,  1833,  p.  523. 
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The  laws  of  combination,  and  the  doctrine  of  equivalents,  wliicii 
have  just  been  considered,  are  founded  upon  experimental  evidence 
only,  and  involve  no  hypothesis.  The  most  general  of  these  laws 
were  not  however  suggested  by  observation,  but  by  a  theory  of  the 
atomic  constitution  of  bodies,  in  wliich  they  are  included,  and  which 
alfords  a  luminous  explanation  of  them.  The  partial  verification 
which  tliis  theory  has  received  in  the  establishment  of  these  laws 
adds  greatly  to  its  interest,  and  is  a  strong  argument  in  favour  of  its 
truth.  It  is  the  atomic  theory  of  Dalton,  the  essential  part  of  which 
may  be  stated  in  a  few  words. 

Although  matter  appears  to  be  divided  and  comminuted  in  many 
circumstances  to  an  extent  beyond  our  powers  of  conception,  it  is 
possible  that  it  may  not  be  indefinitely  divisible ;  that  there  may  be  a 
limit  to  the  successive  division  or  secability  of  its  parts ;  a  limit 
which  it  may  be  difficult  or  impossible  to  reach  by  experiment,  but 
wliich  nevertheless  exists.  Matter  may  be  composed  of  ultimate 
particles  or  atoms,  which  are  not  farther  divisible,  and  each  of  which 
possesses  a  certain  absolute  and  possibly  appreciable  weight.  Now 
the  question  arises,  is  the  atom  in  every  kind  of  matter  of  the  same 
weight,  or  do  atoms  of  difi'erent  kinds  of  matter  differ  in  weight? 
Axe  the  ultimate  particles,  for  instance,  to  which  charcoal  and  sul- 
phur are  reducible,  of  the  same  or  different  weights?  Let  their 
Aveights  be  supposed  to  be  different,  to  be  in  the  proportion  of  the 
equivalent  numbers  of  sulphur  and  charcoal,  which  thus  become 
atomic  weights,  and  so  of  the  atoms  of  other  elementary  bodies,  and 
the  whole  laws  of  combination  follow  by  the  simplest  reasoning.  The 
atoms  of  the  elementary  bodies  may  be  represented  to  the  eye  by 
spheres  or  by  circles  in  which  their  symbols  are  inscribed  to  dis- 
tinguish them,  as  in  the  following  examples,  with  their  relative 
weights. 

Name.  Atom.  "Weight  of  Atom. 


Oxygen   . 

.        (Q)       .      . 

8 

Hydrogen 

.        ®       .      . 

1 

Nitrogen 

® 

14 

Carbon 

(g) 

6 

Sulphur 

.      (D      .     . 

16 

Lead 

^     .     . 

103.56 
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Chemical  combmation  takes  place  between  the  atoms  of  bodies, 
which  then  come  hito  juxtaposition;  and  in  decomposition  the 
simple  atoms  separate  again  from  each  other,  in  possession  of  their 
original  properties.  The  atom  or  integrant  particle  of  a  compound 
body  is  an  aggregation  of  simple  atoms,  and  must  therefore  have  a 
weight  equal  to  the  sum  of  their  weights ;  as  will  be  obvious  from  the 
exhibition  of  the  atomic  constitution  of  a  few  compounds. 

Atom. 

Water  (oxide  of  hydrogen)  @® 
Protoxide  of  nitrogen 
Deutoxide  of  nitrogen 
Sulphuric  acid 
Oxide  of  lead 

Sulphate  of  lead  *]  ^roYoYo)^^"'-'^^'^   40=151-56 

It  is  unnecessary  to  make  any  assumption  as  to  the  nature,  size, 
/orm,  or  even  actual  weight  of  the  atoms  of  elementary  bodies,  or  as 
to  the  mode  in  which  they  are  grouped  or  arranged  in  compounds. 
All  that  is  known  or  likely  ever  to  be  known  respecting  them  is  their 
relative  weight.  The  atom  of  oxygen  is  eight  times  heavier  than 
that  of  hydrogen,  but  their  actual  weights  are  undetermined.  To 
afford  the  means  of  expressing  the  relative  weights  of  these  and  other 
atoms,  a  number  which  is  entirely  arbitrary  is  assigned  to  one  of  them, 
namely  8  to  the  atom  of  oxygen,  and  then  the  w^eight  of  the  atom  of 
hydrogen  can  be  said  to  be  1,  of  nitrogen  14,  of  carbon  6,  of 
sulphur  16,  and  of  lead  103*56.  A  single  atom  of  water  contains 
one  atom  of  oxygen  (8),  and  one  of  hydrogen  (1),  and  must  there- 
fore weigh  9 ;  an  atom  of  oxide  of  lead  contains  one  atom  of  oxygen 
and  one  of  lead,  which  weigh  together  111*56 ;  an  atom  of  sulphuric 
acid,  one  atom  of  sulphur  and  three  atoms  of  oxygen,  which  weigh 
together  40 ;  and  an  atom  of  sulphate  of  lead,  including  one  of  each 
of  the  preceding  compound  atoms,  must  weigh  111*56+40,  or 
151*56. 

The  equivalent  quantities  being  now  represented  by  atoms,  it 
necessarily  follows  that  bodies  can  combine  in  these  quantities  or 
multiples  of  them  only,  and  not  in  intermediate  proportions,  for 
atoms  do  not  admit  of  division.  In  a  series  of  several  compounds  of 
the  same  elements,  such  as  the  oxides  of  nitrogen,  which  was  formerly 
referred  to  in  illustration  of  combination  in  multiple  proportions 
(page  124),  one  atom  of  nitrogen  combines  with  one,  two,  three,  four 


SPECIFIC  HEAT  OF  ATOMS.  135 

and  five  atoms  of  oxygen,  and  a  simple  ratio  between  the  quantities 
of  oxygen  in  these  compounds  is  the  consequence.  The  equivalent 
of  the  compound  body  also  is  the  sum  of  the  equivalents  of  its 
constituents,  for  the  weight  of  a  compound  atom  is  the  weight  of  its 
constituent  atoms. 

By  the  juxtaposition,  separation,  and  exchange  of  one  atom  for 
another  in  compounds,  all  kinds  of  combination  and  decomposition 
in  equivalent  quantities  may  be  produced,  while  the  substitution  of 
ponderable  masses  for  the  abstract  idea  of  equivalents  renders  the 
whole  changes  most  readily  conceivable. 

This  theory  being  adopted  as  a  useful,  wliile  it  is  at  the  same  time 
a  highly  probable  representation  of  the  laws  of  combination,  its  terms 
atom  or  atomic  weight  may  be  used  as  synonymous  with  equivalent, 
equivalent  quantity,  and  combining  proportion. 

M.  Dumas  is  disposed  to  modify  the  atomic  theory  so  far  as  to 
allow  tlie  divisibility  of  the  atoms  or  ultimate  masses  in  which  a  body 
enters  into  combination^  and  to  suppose  that  they  are  groups  of  more 
minute  atoms,  into  wliich  they  may  be  divided  by  physical,  but  not 
by  chemical  forces.  He  distinguishes  the  atoms  which  correspond 
with  equivalents  as  chemical  atoms,  and  allowing  them  to  represent 
truly  and  constantly  the  least  quantities  in  which  bodies  combine, 
stiU  supposes  that  under  the  influence  of  heat,  and  perhaps  other 
physical  agencies,  these  molecules  may  be  subdivided  into  atoms  of 
an  inferior  order,  of  which,  for  example,  two,  four,  or  a  thousand,  are 
included  in  a  single  chemical  atom.^  But  surely  such  a  view  is 
entirely  subversive  of  the  atomic  theory.  It  is  principally  founded 
on  the  assumed  existence  of  a  similarity  between  atoms  in  their  capa- 
city for  heat,  and  in  their  volume  while  in  the  gaseous  state. 

SPECIFIC  HEAT  OF  ATOMS. 

The  quantity  of  heat  necessary  to  raise  the  temperature  of  equal 
weights  of  different  bodies  a  single  degree,  varies  according  to  their 
nature,  and  may  be  expressed  by  numbers  which  are  the  capacities  for 
heat  or  specific  heats  of  these  bodies  (page  25).  This  difference 
appears  in  the  numbers  for  several  simple  bodies  placed  together  in 
the  first  column  of  the  following  table,  among  which  no  relation  can 
be  perceived.     But  if  the  comparison  is  made  between  the  capacity 

*  Le9ons  sur  la  Philosophic  Chimique,  professees  au  College  de  Erance,  par  M.  Dumas, 
page  233. 
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for  heat  not  of  equal  weights,  but  of  atomic  weights  or  equivalent 
quantities  of  the  same  bodies,  as  in  the  second  and  third  columns  of 
the  table,  then  the  numbers  for  several  bodies  are  found  to  be  nearly 
the  same,  and  those  of  others  to  bear  a  simple  relation  to  each  other. 


SPECIFIC  HEAT, 


^^ 

IV. 

I. 

IT. 

III. 

Of  equal 
weights. 
Specific  heat 
of  same 
weight  of  water 
being  1. 

Of  atoms. 

Specific  heat 

of 

atom  of  water 

being  1. 

Of  atoms. 

Specific  heat 

of 

atom  of  lead 

being  1. 

Atomic 
weights. 

Lead     . 

0-0293 

0-3372 

1-0000 

103-56 

Tin       . 

00514 

0-3358 

0-9960 

58-82 

Zinc     . 

0-0927 

0-3321 

0-9850 

32-52 

Copper 

00949 

0-3340 

0-9908 

31-66 

Nickel  . 

0-1035 

0-3404 

1-0095 

29-57 

Cobalt  . 

0-10696 

0-3508 

1-040 

29-52 

Iron      . 

0-1100 

0-3315 

0-9831 

28 

Platinum 

0-0314 

0-3443 

1-0211 

98-68 

Sulphur 

0-1880 

0-3359 

0-9963 

16 

Mcrcwy 

0-0330 

0-3714 

1-1015 

100-07 

Tellurium 

005155 

0-3788 

1123 

64-14 

Gold     . 

0-0298 

0-3292 

0-9765 

98-33 

Arsenic 

0-081 

0-6768 

2-0074 

75 

Sdver  . 

0-0557 

0-6694 

1-9855 

108 

Phosphorus 

0-385 

1-3415 

3-9789 

32 

Iodine  . 

.010824 

1-5197 

4-506 

126-36 

Carbon 

0-2411 

0-1698 

0-4766 

6 

Bismuth 

0-03084 

0-2190 

0-6494 

70-95 

Of  the  first  twelve  substances,  which  are  all  metals,  with  the 
exception  of  sulphur,  the  capacities  of  the  atoms  approach  so  closely, 
that  they  may  be  considered  as  identical;  their  capacities  appearing 
to  be  all  nearly  one-third  of  that  of  the  atom  of  water,  in  the  second 
column ;  and  nearly  coinciding  with  the  capacity  of  the  atom  of  lead, 
one  of  their  number  in  the  third  column.  The  weights  of  the  atoms 
themselves  are  added  in  a  fourth  column,  for  convenience  of  refer- 
ence. The  twelve  substances  in  question,  taken  in  the  proportions  of 
then*  atomic  weights,  will,  therefore,  undergo  an  equal  change  of 
temperature  on  assuming  an  equal  quantity  of  heat.  The  two  metals 
which  follow  in  the  table,  namely,  arsenic  and  silver,  appear  to  have 
an  equal  capacity  for  heat,  which  is  double  that  of  lead  and  the  class 
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which  coincides  with  it,  wliile  the  capacity  of  phosphorus  is  four 
times,  and  that  of  iodine  four  and  a  half  times  greater  than  that  of 
lead  and  its  class.  The  capacity  of  the  atom  of  bismuth  appears  to 
be  two-tliirds,  and  that  of  carbon  to  be  one-half  of  the  capacity  of 
that  of  lead.  The  general  results  may  therefore  be  stated  as  fol- 
lows : — 


Specific  heat  of  atom  of  lead 
"  tin 


copper 
nickel 
cobalt 


iron 

platinum 

sulphur 

meremy 

tellurium 

gold 

arsenic 

silver 

phosphorus 

iodine 

bismuth 

carbon 


2 
2 

4 

4i 


Weight  of  Atom. 
103-56 

58-82 

32-52 

31-66 

29-57 

29-52 

28 

98-68 

16 
100-07 

64-14 

98-33 

75 
108 

32     . 
126-36 

70-95 
6 


Messrs.  Dulong  and  Petit,  whose  researches  suppHed  the  greater 
portion  of  these  valuable  results,  drew  a  more  general  conclusion 
from  them,  namely  that  aU  atoms,  or  at  least  all  simple  atoms, 
have  the  same  capacity  for  heat,  and  that  those  atomic  weights  which 
are  inconsistent  with  that  supposition,  ought  to  be  altered  and  accom- 
modated to  it.  The  specific  heat  of  a  body  would  thus  afford  the 
means  of  fixing  its  atomic  weight.  Some  of  the  alterations  in  the 
atomic  weights,  wliich  would  follow  the  adoption  of  this  law,  might 
be  advocated  upon  other  grounds— such  as  halving  the  atomic  weight 
of  silver,  doubhng  that  of  carbon,  and  adding  one-half  to  that  of  bis- 
muth. But  the  equivalent  of  phosphorus  would  require  to  be 
divided  by  four,  while  that  of  arsenic,  which  it  so  closely  represents 
in  compounds,  is  divided  only  by  two  ;  changes  which  are  inadmissible. 

It  must  be  concluded,  then,  that  elementary  atoms  have  not  neces- 
sarily the  same  capacity  for  heat,  although  a  simple  relation  appears 
always  to  exist  between  their  capacities.  The  capacities  of  the  tlnee 
gaseous  elements,  oxygen,  hydrogen,  and  nitrogen,  may  likewise  be 
adduced  in  support  of  such  a  relation,  provided  they  are  the  same  for 
equal  volumes  of  the  gases,  agreeably  to  the  observations  of  Dulong. 


138 


SPECIFIC  HEAT  OF  ATOMS. 


But  this  relation  can  only  be  looked  for  between  bodies  while  under 
the  same  physical  condition,  and  perhaps  agreeing  in  other  circum- 
stances also,  for  the  capacity  for  heat  of  the  same  body  is  known  to 
vary  under  the  different  forms  of  solid,  liquid,  and  gas ;  and,  indeed, 
while  the  body  is  in  the  same  state,  its  capacity  appears  not  to  be 
absolutely  constant,  but  to  increase  perceptibly  to  elevated  tempera- 
tures (page  26). 

The  capacities  of  compound  atoms  have  also  been  submitted  to  a 
sufficiently  extensive  examination  to  determine  that  simple  relations 
subsist  among  them.  In  two  classes  of  analogous  combinations,  the 
capacities  of  the  atoms  for  heat  were  found  by  M.  Neumann,  of 
Konigsberg,  to  approach  so  closely,  that  they  may  be  admitted  to  be 
the  same,  the  differences  being  sufficiently  accounted  for  by  the 
errors  of  observation  unavoidable  in  such  delicate  researches. 


OF    EQUAL 
WEIGHTS. 

OF  ATOMIC 
WEIGHTS. 

Specific  heat  of 
same  weight  of 
water  being  1. 

Specific  heat  of 

atom  of  water 

being  1. 

Carbonate  of  lime       .... 
Cai-bonate  of  barytes 
Carbonate  of  iron        .... 
Carbonate  of  lead        .... 

0-2044 
0-1080 
0-1819 
0-0810 

0-1148 
0-1181 
0-1156 
0-1200 

Carbonate  of  zinc        .... 
Carbonate  of  strontian 

01712 
0-1445 

0-1187 
01184 

Dolomite  (carbonates  of  lime  and  mag- 
nesia)     

0-9111 
Mean     .     . 

0-1121 

0-1162 

i 

A  small  class  of  sulphates  presented  a  similar  result :- 


OF   EaUAl 
WEIGHTS. 

OF  ATOMIC 
WEIGHTS. 

Sulphate  of  baryta      .... 
Sulphate  of  lime         .         .         ,         . 
Sulphate  of  strontian  .... 
Sulphate  of  lead         .... 

0-1068 
0-1854 
0-1300 
0-0830 

Mean     .     . 

0-1384 
0-1412 
0-1326 
0-1398 

01380 

The  numbers  in  the  second  column  of  both  tables  deviate  very  Httle 
from  their  mean,  but  there  is  no  obvious  relation  between  the  two 
means.  Identity  in  capacity  for  heat  is,  therefore,  to  be  looked  for  in 
compound  atoms  of  the  same  nature,  and  which  closely  agree  in  their 
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chemical  relations,  like  the  numbers  of  each  group,  but  not  between 
compound  atoms  which  are  differently  constituted. 

Our  information  on  tliis  subject  has  been  greatly  extended  of  late 
by  the  valuable  researches  of  M.  Eegnault.^  The  atomic  heat  of 
bodies,  as  it  is  named  by  this  chemist,  is  obtained  by  multiplying  the 
observed  specific  heat  of  each  body  by  its  equivalent,  the  latter  being 
taken  upon  the  oxygen  scale.  Now  this  product  is  found  to  vary  for 
the  metallic  elements  as  the  numbers  38  to  42,  a  greater  difference  than 
can  result  from  errors  of  observation ;  so  that  the  law  of  atoms  is  not 
verified  in  an  absolute  manner.  But  if  it  is  considered  that  the  atomic 
weights  of  the  simple  substances  in  question  vary  at  the  same  time  from 
200  to  1400,  the  law  must  be  adopted,  as  at  least  closely  approximat- 
ing to  the  truth.  The  law  would  probably  represent  the  results  of 
observation  in  a  perfectly  rigorous  manner,  if  the  specific  heat  of  each 
body  could  be  taken  at  a  determinate  point  of  its  thermometrical  scale, 
and  the  specific  heat  be  farther  disencumbered  of  aU  the  foreign  in- 
fluences which  modify  the  observation, — such  as  the  state  of  softness, 
with  the  assumption  of  a  certain  portion  of  the  latent  heat  of  fusion, 
which  many  bodies  exhibit  before  melting  entirely, — and  the  heat  ab- 
sorbed to  produce  dilatation,  which  is  very  great  in  gases,  much  more 
feeble  in  solid  and  liquid  bodies,  but  which  can  in  no  case  be  neglected 
(Regnault).  An  increase  of  the  density  of  copper  also,  produced  by 
hammering  it,  is  found  by  Eegnault  to  eflect  a  sensible  diminution  of 
its  specific  beat :  the  latter  recovers  its  original  value  in  the  metal 
after  being  heated. 

The  same  element,  in  different  conditions  as  to  crystalline  form, 
hardness,  and  aggregation,  may  vary  greatly  in  its  specific  heat,  as  is 
observed  of  carbon  both  by  Eegnault,  and  by  Delafive  and  Marcet.f 
The  results  of  the  former  are  as  follows  : — 

SPECIFIC  HEAT  OF  VARIETIES  OF  CARBON. 


Animal  charcoal 

0-26085 

Wood  charcoal 

0-24150 

Coke  of  coal 

0-20307 

Charcoal  from  anthracite 

0-20146 

Graphite,  natural 

0-20187 

Graphite  of  iron  furnaces 

019702 

Graphite  of  gas  retorts 

0-20360 

Diamond 

. 

0-14687 

*  On  the  specific  heat  of  simple  and  compound  bodies :  Annales  de  Chiniie,  &c.  2ud 
ser.  t.  Ixxiii.  p,  5,  and  3rd  ser.  t.  i.  p.  129. 
t  Annales,  &c.  t.  kxv.  p.  242. 
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The  calorific  capacity  of  this  body  is  the  more  feeble  in  propor- 
tion as  its  state  of  aggregation  is  greater :  it  is  an  instance  of  a  body 
which  may  exist  with  calorific  capacities  extending  tln-ough  a  very 
wide  range. 

The  following  metallic  protoxides  of  the  formula  MO,"^  protoxide  of 
lead,  red  oxide  of  mercury,  protoxide  of  manganese,  oxide  of  copper, 
and  oxide  of  nickel,  have  an  atomic  heat  varying  from  70' 01  to 
76'21,  of  wliichthe  mean  is  72*03 ;  these  numbers  being  the  observed 
specific  heats  of  the  oxides  multiplied  by  their  atomic  weights  :  the 
same  product  averages  about  40  in  the  elements.  The  atomic  heat 
of  magnesia  is  63-03,  and  of  oxide  of  zinc  62' 7 7,  expressed  in  the 
same  manner,  which  agree  very  closely  together,  but  differ  consider- 
ably from  the  other  protoxides. 

The  protosulphurets,  of  the  formula  MS,  correspond  nearly  with 
the  protoxides, — the  protosidphurets  of  iron,  nickel,  cobalt,  zinc, 
lead,  mercury,  and  tin,  varying  from  71*34  to  78*34;  with  a  mean  of 
74*51,  while  the  mean  of  the  protoxides  is  72*03. 

Sesquioxides,  of  the  formula  M2  O3,  give  for  the  product  of  their 
specific  heats  by  their  atomic  weights,  nmnbers  between  158*56  and 
180*01;  with  an  average  of  169*73:  they  are  sexquioxide  of  iron, 
sesquioxide  of  chromium,  arsenious  •  acid,  oxide  of  antimony,  and 
oxide  of  bismuth,  represented  as  Bi2  O3,  with  an  equivalent  of  1003*6. 
But  the  number  of  alumina  (AI2  O3)  was  different,  being  in  the  form 
of  corundum  126*87,  and  the  saphire  139*61.  Two  corresponding 
sulphurets  gave  numbers  somewhat  higher  than  the  oxides,  namely 
sulphuret  of  antimony  186*21,  and  sulphuret  of  bismuth  195*90,  of 
which  the  mean  is  191*06, 

Two  oxides,  of  the  formula  MO2,  namely  binoxide  of  tin,  and 
artificial  titanic  acid,  gave  the  first  87*23^  and  the  second  86*45. 
The  bisulphuret  of  iron  (pyrites)  gave  96*45 ;  the  bisulphm*et  of  tin 
135*66  ;  the  sulphuret  of  molybdenmn  123*46,  and  bisulphuret  of 
arsenic  (ASS2)  174*51. 

Oxides,  of  the  form  MO3,  gave  the  following  results :  tungstic  acid 
118*38,  molybdic  acid  118*96,  silicic  acid  110*48,  boric  acid  103*52. 

The  subsulphuret  of  copper,  CugS,  gave  120*21  ;  and  the 
sulphuret  of  silver,  usually  represented  Ag  S,  gave  115.86. 

The  following  chlorides,  to  which  M.  Eegnault  is  disposed  to 
assign  the  common  formula  M2CI,  gave  results  comprised  between 
156*83  and  163*42,  with  a  mean  of  158*64— cliloride  of  sodium, 
chloride  of  potassium,  chloride  of  silver,  subcliloride  of  copper,  and 

*  M  representing  1  eq.  of  metal. 
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subchloride  of  mercury.  The  corresponding  iodides  ranged  from 
162*30  to  169*88,  exclusive  of  the  iodide  of  silver,  which  was  180*45. 
Of  corresponding  bromides,  bromide  of  potassium  was  166*21, 
bromide  of  silver  173*31,  and  bromide  of  sodium  175*65. 

Protochloridcs  of  the  formula  M  CI,  namely  cUorides  of  barium, 
strontium,  calcium,  magnesium,  lead,  mercury,  zinc,  and  tin,  were 
.  comprised  between  114*72  andll9*59;  with  a  mean  of  1 1 7  *  0  3 .  The 
protochloride  of  manganese  was  somewhat  lower,  112*51. 

Of  volatile  bichlorides  (M  CI2),  bichloride  of  tin  gave  239*18,  and 
chloride  of  titanium  227*63 ;  of  wliich  the  mean  is  233*40.  The 
two  corresponding  cMorides  of  arsenic  and  phosphorus,  M  CI3,  gave, 
the  first  399-26,  and  the  second  359*86  :  mean  379*51. 

The  numbers  for  iodide  of  lead  and  iodide  of  mercury  (M  I)  also 
closely  approximate,  the  first  being  122*54,  and  the  second  119*36  : 
mean  120*95.     The  fluoride  of  calcium  (M  E)  gave  105*31. 

Tlie  principal  results  obtained  by  M.  Regnault  for  the  salts  are 
thrown  together  in  the  following  table.  The  equivalents  given  in  the 
general  formula  are  those  of  the  table  at  the  beginning  of  this 
chapter. 


Product  of 

Name  of  the  Salt. 

General 

formula, 

(M  =  leq.  of 

the  specific 
••  heats  by 
the  atomic 

Mean. 

metal). 

weights. 

Nitrate  of  potash           .... 

MO  +  NO5 

302-49 

\ 

Nitrate  of  soda    . 

(( 

297-13 

■  301-72 

Nitrate  of  sQver   . 

« 

305-55 

Nitrate  of  barytes 

" 

248-83 

Mctaphosphate  of  lime 

MO  +  PO5 

248-64 

Chlorate  of  potash 

MO  +  ClOg 

321-04 

Arseniate  of  potash 

MO+AS03 

317-30 

Pyrophosphate  of  potash 

2MO+P03 

395-79 

1    38901 

Pp'ophosphate  of  soda 

<t 

382-22 

Phosphate  of  lead 

" 

302-14 

Phosphate  of  lead 

3MO  +  POs 

397-96 

Arseniate  of  lead 

SMO  +  AsOg 

409-37 

Sidphate  of  potash 

MO  +  SO3 

207.40 

1    206-80 

SiUphate  of  soda 

• 

206-21 

Sidphate  of  barytes 

« 

164-54 

Sulphate  of  strontian 

t< 

164-01 

Sulphate  of  lead  . 

t( 

165-39 

-  166-15 

Sidphate  of  lime 

" 

168-49 

Sidphate  of  magnesia 

'■ 

168-30 

/ 

Chromate  of  potash 

MO  +  CrOg 

229-83 

1 
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Product  of 

Name  of  the  Salt. 

General 

formula, 

(M  =  leq.  of 

the  specific 

heats  by 

the  atomic 

Mean. 

metal). 

weights. 

Bichromate  of  potash    .... 

MO  +  2CrO, 

358-67 

Biborate  of  potash 

MO  +  2BO3 

321-27 

31107 

Biborate  of  soda  . 

" 

300-8S 

Biborate  of  lead  . 

'C 

258-60 

Borate  of  potash  . 

MO+B03 

219.52 

^     216-06 

Borate  of  soda      . 

" 

212-60 

Borate  of  lead 

tc 

165-54 

Carbonate  of  potash 

MO+C02 

187-04 

I     184-35 

Carbonate  of  soda 

c< 

181-65 

Carbonate  of  lime  (Iceland  spai-) 

MO+C02 

131-61 

\ 

Carbonate  of  lime  (arragonite) 

" 

131-56 

Ditto  (white  saccharoid  marble) 

c< 

136-20 

Ditto  (grey  saccharoid  marble) 

" 

132-45 

1 
V   134-40 

Ditto  (white  chalk) 

" 

135-57 

Carbonate  of  baryta 

" 

135-99 

Carbonate  of  strontian 

" 

133-58 

Carbonate  of  iron 

138-16 

1 

The  results  of  M.  Eegnault  on  the  specific  heat  of  compound 
bodies  are  of  great  interest  with  regard  to  the  question  of  the  divi- 
sion of  the  atomic  weights  of  certain  elements_,  to  which  reference 
has  been  made.  They  establish  an  equally  close  relation  between  the 
specific  heat  of  analogous  compounds  as  exists  among  elementary 
bodies.  The  general  law  is  announced  by  M.  Eegnault  in  the  fol- 
lowing maimer : — "  In  all  compound  bodies,  of  the  same  atomic 
composition  and  similar  chemical  constitution,  the  specific  heats  are 
in  the  inverse  proportion  of  the  atomic  weights."  This  law  compre- 
hends, as  a  particular  case,  the  law  of  Dulong  and  Petit  for  simple 
bodies,  and  appears  to  be  verified  by  experiment  within  the  same 
limits  as  the  latter. 

EELATION  BETWEEN  THE  ATOMIC  WEIGHTS  AND  VOLUMES  OF  BODIES 
IN  THE  GASEOUS  STATE. 


Several  of  the  elementary  bodies  are  gases,  such  as  oxygen,  hydro- 
gen, nitrogen,  and  chlorine,  and  the  proportions  in  which  they  com- 
bine can  be  determined  by  measure,  with  equal,  if  not  greater  faciHty 
than  by  weight.  Now  a  relation  of  the  simplest  nature  is  always 
•found  to  subsist  between  the  measures  or  volumes  in  which  any  two 
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of   the    gaseous    elementary  bodies   unite.      Tliis  arises   from  the 
circumstance  that  the  specific  gravities  of  gases  either  correspond 
exactly  with  their  atomic  weights,   or  bear  a  simple  relation  to  them. 
The  atom  of  chlorine  is   35|-  times  heavier  than  that  of  hydrogen ; 
and  chlorine  gas  is  also  35  J  times  heavier  than  hydrogen  gas,  so  that 
the  combining  measures  of  these  two  gases,  which  correspond  with 
single  equivalents,  are  necessarily  equal.     The  atom  of  nitrogen,  and 
its  weight  as  a  gas,  being  both  14  times  greater  than  the  atom  and 
weight  of  hydrogen  gas,  their  combining  volumes  must  be  the  same. 
The  atom  of  oxygen  is  eight  times  heavier  than  that  of  hydrogen,  but 
oxygen  gas  is  sixteen  times  heavier  than  hydrogen  gas,  so  that  taken 
in  equal  volumes  these  two  gases  are  in  the  proportion  by  weight  of 
two  equivalents  of  oxygen  to  one  of  hydrogen.     Hence,  in  the  com- 
bination of  single  equivalents  of  these  elements  to  form  water,  half  a 
volume  or  measure  of  oxygen  gas  unites  with  a  whole  volume  or 
measure  of  hydrogen  gas.      One  volume  of  nitrogen  also  unites  with 
half  a  volume  of  oxygen,  and  with  a  whole  volume  of  the  same  gas, 
to  form  respectively  the  protoxide  and  deutoxide  of  nitrogen. 

The  exact  ratio  of  one  or  two  in  which  oxygen  and  hydrogen  gases 
combine  by  measure,  was   first  observed   by  Humboldt  and   Gay- 
Lussacin  1805.     The  subject  was  pursued  by  the  latter  chemist,  who 
established  the  simple  ratios  in  wliich  gases  generally  combine,  and 
published  the  laws  observed  by  liim,   or  his  Theory  of  Volumes, 
shortly  after  the  announcement  of  the  Atomic  Theory  by  Dalton. 
They  afforded  new  and  independent  evidence  of  the  combination  of 
bodies  in  definite  and  also  in  multiple  proportions,   equally  con- 
vincing as  the  observed  proportions  by  weight  in  which  bodies  unite. 
Gay-Lussac  likewise  observed  that  the  product  of  the  union  of  two 
gases,  if  itself  a  gas,  sometimes  retains  the  original  volume  of  its 
constituents,  no  contraction  or  change  of  volume  resulting  from  their 
combination: — thus   one   volume   of  nitrogen   and   one  volume  of 
oxygen  form  two  volumes  of  deutoxide  of  nitrogen;  one  volume  of 
clilorine  and  one  volume  of  hydrogen  form  two  volumes  of  hydro- 
chloric acid  gas;   and  that  when  contraction  follows  combination, 
which  is  the  most  common  case,  the  volume  of  the  compound  gas 
always  bears  a  simple  ratio  to  the  volumes  of  its  elements.    Thus  two 
volumes  of  hydrogen,  and  one  of  oxygen,  form  two  volumes  of  steam ; 
one  volume  of  nitrogen  and  tln-ee  of  hydrogen  gas  form  two  volumes 
of  ammoniacal  gas ;  one  volume  of  hydrogen  and  one-sixth  of  a  volume 
of  sulphur- vapour  form  one  volume  of  sulphuretted  hydrogen  gas.    In 
these  and  all  other  statements  respecting  volumes,  the  gases  com- 
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pared  are  supposed  to  be  in  the  same  circumstances  as  to  pressure 
and  temperature. 

The  uniformity  of  properties  observed  among  gases  in  compressibi- 
bility  and  dilatability  by  heat,  has  appeared  to  many  chemists  to 
indicate  a  similarity  of  constitution,  and  to  favour  the  idea  that 
they  all  contain  the  same  number  of  atoms  in  the  same  volume. 
May  not  equal  volumes  of  oxygen  and  hydrogen  gases,  for  instanccj, 
be  represented  by  an  equal  number  of  atoms  of  oxygen  and  hydro- 
gen respectively  placed  at  equal  distances  from  each  other,  and  the 
difference  of  sixteen  to  one  in  the  densities  of  the  two  gases  arise 
from  the  atom  of  oxygen  being  really  sixteen  times  heavier  than  that 
of  hydrogen  ?  Equal  volumes  of  gases  would  then  contain  an  equal 
number  of  atoms,  and  one,  two,  or  three  volumes  would  be  an 
equivalent  expression  to  one,  two,  or  three  atomic  proportions,  the 
terms  volume  and  atom  becoming  of  the  same  import,  or  express- 
ing equal  quantities  of  bodies.  But  such  a  view  is  obviouly  inap- 
plicable to  compound  gases,  as  their  volume  has  a  variable  relation  to 
that  of  their  elements ;  and  its  adoption  would  require  grave  altera- 
tions to  be  made  in  the  atomic  weights  of  several  of  the  elements 
themselves,  to  accommodate  those  weights  to  the  observed  densities 
of  the  bodies  in  the  gaseous  state.  This  will  be  seen  from  the  fol- 
lowing table,  in  which  the  volume  or  fractional  part  of  a  volume 
placed  against  each  element  always  contains  the  same  number  of  its 
presently  received  atoms.  These  volumes  are,  therefore,  the  equiva- 
lent volumes  of  the  elements,  and  may  be  viewed  as  representing  the 
bulk  of  their  atoms  in  the  gaseous  state,  the  comhining  measure  of 
hydrogen  being  taken  as  two  volumes. 


ATOMS. 


Volume. 

Weight. 

Hydrogen 

Niti-ogen 

Chlorine 

Bromine 

Iodine 

Mercury 

Oxygen 

Phosphorus 

Arsenic 

Sulphiir    ...... 

2 
2 
2 
2 
2 
2 
1 
J 
1 
i 

1 

14 

35-5 

98-26 
126-36 
10007 
8 

32 

75 

16 
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Of  the  first  six  bodies  enumerated,  equivalent  weights  occupy  each 
two  volumes.  It  was,  indeed,  the  observation  of  this  equality  between 
the  atom  and  volume  in  these  gases,  that  led  to  the  supposition  of 
that  relation  being  general.  But  the  atoms  of  oxygen,  phosphorus, 
and  arsenic,  occupy  only  one  volume,  and  would  require  to  be 
doubled  to  fill  the  same  volume  as  the  preceding  class  ;  or  the  latter 
rather  preserved  fixed,  and  the  former  class  divided  by  two.  The 
present  atom  of  sulphur  affords  only  one-third  of  a  volume  of 
vapour,  and  must,  therefore,  be  multiplied  by  six  to  afl^ord  two 
volumes. 

It  will  be  found  conducive  to  perspicuity  to  apply  the  expression 
comhining  measure  to  the  volume  or  volumes  of  a  gas  which 
enter  into  combination.  The  combining  measure  of  oxygen  being 
one  volume,  the  combining  measure  of  hydrogen  and  its  class  will  be 
two  volumes ;  or  the  atom  of  oxygen  gives  one,  and  the  atom  of 
liydi'ogen  two  volumes  of  gas.  Volumes  of  the  gases  may  be  repre- 
sented by  equal  squares  with  their  relative  weights  inscribed,  the 
numbers  having  reference  to  the  number  assigned  to  the  oxygen 
volume.  If  that  number  be  8,  or  the  atomic  weight  of  oxygen,  as  in 
column  1  of  the  table  which  follows,  then  the  number  to  be  inscribed 
in  each  of  the  two  volumes  forming  the  combining  measure  of 
hydrogen  will  be  0'5,  or  half  its  atomic  weight,  the  combining 
measure  itself  having  the  full  atomic  weight  of  hydrogen,  namely  1. 
So,  of  other  gases,  the  combining  measure  has  the  whole  atomic  weight, 
which  is  divided  among  the  component  volumes.  But  there  is  the 
reason  for  preferring  the  number  1105*6  to  8  for  the  standard 
oxygen  volume,  that  the  weight  of  a  volume  of  air  being  taken  as 
1000,  that  of  an  equal  volume  of  oxygen  is  1105*6;  and  con- 
sequently the  corresponding  number  for  the  volume  of  hydrogen, 
69*3,  expresses  the  relation  in  weight  of  that  gas  also  to  air,  and  so 
do  the  corresponding  numbers  for  aU  the  other  gases.  The  numbers 
on  this  scale,  which  express  the  relative  densities  of  a  volume  of  each 
gas,  and  are  inscribed  in  the  squares  of  column  2,  are  indeed  the 
common  specific  gravities  of  the  gases. 
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n. 


Atomic  weight. 

Combining 
measure. 

Combining  m 

easure. 

Air  .     . 

1000 

Oxygen    ...       1     .     . 

8 

.     .     . 

1105-6 

Phosphorus  .     .     32     .     . 

• 

32 

4422 

Hydrogen     .     .       1 


0& 


0-5 


Chlorine 


35-5 


17-75 


17-75 


69-3 


69-3 


2453 


2453 


The  double  squares,  which  represent  the  combining  measures  of 
hydrogen  and  clilorine,  are  divided  into  volumes  by  dotted  lines,  to 
shew  that  the  division  is  imaginary,  the  partition  of  a  combining 
measure,  like  that  of  an  atom  which  it  represents,  being  impossible. 
The  specific  gravities  of  gases  being  merely  the  relative  weights  of 
equal  volumes,  may  be  expressed  by  the  numbers  in  the  squares  of 
the  first  column ;  and  the  specific  gravity  of  oxygen  being  accordingly 
made  8,  the  specific  gravity  of  any  other  gas  will  either  be  the  same 
number  as  its  atomic  weight,  or  an  aliquot  part  of  it.  Or  if  the 
specific  gravity  of  oxygen  be  made  1  or  1000,  the  relation  of  densities 
to  atomic  weights  wiU  still  be  very  obvious.     (See  page  80). 

The  combining  measures  of  compound  gases,  although  variable, 
have  stiU  a  constant  and  simple  relation  to  each  other — such  as  1  to  1, 
1  to  2,  or  2  to  3  ;  their  elements  in'  combining  suffering  either  no 
condensation,  or  a  definite  and  very  simple  change  of  volume.  Hence 
the  density  of  a  compound  gas  may  often  be  calculated  with  more 
precision  from  the  deiisities  of  its  constituents,  and  a  knowledge  of 
the  change  of  volume,  if  any,  which  occurred  in  combination,  than  it 
can  be  determined  by  experiment. 
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To  deduce  on  this  principle  the  specific  gravity  of  steam.  Water 
consists  of  single  equivalents  of  oxygen  and  hydrogen,  of  which  the 
combining  measure  of  the  first  is  one,  and  that  of  the  second  two 
volumes.  These  //^/-^-^  volumes  weigh  1105'6-f  69*3  + 69-3=1244-2, 
and  they  form  two  volumes  of  steam ;  of  wliich  one  volume  must, 
therefore,  weigh  1244*2  divided  by  two,  or  622-1,  which  is,  con- 
sequently, the  calculated  specific  gravity  of  steam,  referred  to  that  of 
air-  as  1000.  The  relations  in  volume  of  the  gases  before  and  after 
combination  may  be  thus  exliibited. 

Combining  measure,  or  one     Combining  measure,  or  two     Combining  measure,  or  two 
volume  of  oxygen.  volumes  of  hydrogen.  volumes  of- steam. 


1105-6 


C9-3 


69-3 


6221 


6221 


1244-2  1244-2 

It  thus  appears  necessary  to  inscribe  622"]  in  each  volume  of  steam, 
to  make  up  1244*2,  the  known  weight  of  the  two  volumes. 

In  the  formation  of  hydrochloric  acid  equal  measures  of  chlorine 
and  hydrogen  unite  without  condensation,  so  that  the  product  pos- 
sesses the  united  volumes  of  its  constituent  gases. 


Combining  measm-e 

of  hydrogen  or  two 

volumes. 


Combining  measure 

of  chlorine  or  two 

volumes. 


Combining  measm'e  of 

hydrochloric  acid  or  four 

volumes. 


69-3 


2453 


2453 


12611 


1261-1 


1261-1 


1261-1 


5044-6 


50.44-6 


The  specific  gravity  or  weight  of  a  single  volume  of  hydrochloric  acid 
is,  therefore,  obtained  by  dividing  5044*6  by  4,  and  is  1261*1. 

The  specific  gravity  of  the  vapour  of  an  elementary  body  which 
there  are  no  means  of  ascertaining  experimentally,  may  sometimes  be 
calculated  from  the  known  density  of  a  gaseous  compound  containing 
it.  The  density  of  carbon  vapour  may  be  thus  deduced  from  the 
observed  density  of  carbonic  oxide  gas.  Assuming  that  the  combin- 
ing measure  of  carbon  is  double  that  of  oxygen,  as  is  true  of  hydro- 
gen and  several  other  elementary  bodies,  then  carbonic  oxide,  which 
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like  water  consists  of  single  equivalents  of  its  constituents,  will 
resemble  steam  in  its  constitution  also^  and  be  composed  of  one 
volume  of  oxygen  gas,  and  two  volumes  of  carbon  vapour  condensed 
into  two  volumes.  The  weight  of  a  single  volume  of  carbonic  oxide 
being  972*7,  two  volumes  (1945"4)  may  be  resolved,  as  shewn  in  the 
diagram  below,  into  one  volume  of  oxygen,  1105*6,  and  two  volumes 
of  carbon-vapour,  839*8,  (1945*4—1105*6  =  839*8)  each  of  which 
it  follows  must  weigh  419*9,  or  420. 


Combining  measure  or 

two  volumes  of  carbonic 

oxide. 


Combining  measure  or 
one  volume  of  oxygen. 


972-7 


972-7 


1105-61 


Combining  measm-e  or 

two  volumes  of    carbon 

vapour. 


419-9 


419- 


1945-4 


1945-4 


But  the  density  420  thus  assigned  to  carbon  vapour  will  only  be 
true  if  it  corresponds  with  hydrogen  in  its  combining  measure ;  but 
the  combining  measure  of  carbon  vapour  may  as  well  be  one-half 
that  of  hydrogen,  like  that  of  phosphorus,  or  one-sixth,  like  that  of 
sulphur,  and  then  the  density  wiU  be  double  or  six  times  that  sup- 
posed. The  important  conclusion,  however,  that  the  density  of  car- 
bon vapour  is  either  420,  or  some  multiple  or  sub-multiple  of  that 
number,  is  quite  certain. 


The  following  Table  comprises  nearly  all  the  accurate  informa- 
tion which  chemists  at  present  possess  respecting  the  specific  gravi- 
ties of  gaseous  bodies.  The  bodies  placed  first  in  the  table  are 
generally  considered  as  belonging  to  the  inorganic,  and  those  in  the 
latter  part  to  the  organic  department  of  the  science.  They  are  all 
experunental  results,  with  the  exception  of  two  or  three  cases  which 
are  calculated.  The  specific  gravity  of  carbon-vapour  is  assumed 
here  as  six-sixteenths  of  that  of  oxygen  (1105*6). 
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Names  of  Substances, 

Proportion  of  an  eq. 
in  1  volume. 

Specific  Gravity. 

Ob- 
servers. 

Air  =  1. 

Oxyg.  =  1.H.  =  1. 

Sulphui'  

3  S 

6617 

5983-9 

96 

D. 

Oxygeu   

0 

1105-63 

1000 

16 

R. 

Phospliorus 

P 

4355 

3938-3 

64 

D. 

Arsenic 

As 
11 

10600 
69-26 

9586-6 
62-6 

150 

1 

M. 
R. 

Ilydrogeu    

2 

Cai-boii  (liypotketical) 

C 

2 

414-61 

375 

6 

Calcul. 

Niln)?,(:ii 

N 

971-37 

878-5 

14 

R. 

2 

Chloriuc     .... 

CI 
2 

2421-6 

2189-9 

35-5 

G-L. 

Brouiiiie 

Br 
2 

5540 

5009-7 

78 

M. 

lodiuc 

I 

2 

8716 

7882 

126 

D. 

Mercury 

Hg 

6976 

6308-5 

100-07 

D. 

Water 

HO 

2 
CO 

2 
NO 

622 
971-2 
1520-4 

562-6 
875 
1375 

9 

14 
22 

R. 

Calc. 

C. 

Carbonic  oxide    

Protoxide  of  nitrogen 

2 

Carbonic  acid 

CO2 

1524-5 

1378-6 

22 

B.  D. 

2 

Clilorocarbonic  acid     

COCl 

2 

3399 

3564-8 

49-5 

Sulphide  of  carbon    

CS, 
2 

2644-7 

2391-6 

88 

G-L. 

Hydrosulphiuic  acid    

HS 
2 

1191-2 

1077-3 

17 

G.  T. 

150 


SPECIFIC  GRAVITY  OP  GASES  AND  VAPOUES. 


Names  of  Substances. 


Hypochlorous  acid 


Cyanogen 


Sulpliurous  acid 


Sulphuric  acid  (anhydrous) . 


Chlorosulphuric  acid 


Chloride  of  sulphur 

Arsenious  acid , 

Sulphate  of  water  at  848" 


Chloride  of  mercury 
Bromide  of  mercury 
Iodide  of  mercury  . . 


Bichloride  of  tin , 


Bichloride  of  titanium. 


Sulphuret  of  mercury 


Penta-chloride  of  phosphorus 


Fluoride  of  silicium. 


Chloride  of  siKcium 
Hydrochloric  acid  ., 


Proportion  of  an  eq. 


SPECincGRAVITY. 


in  1  volume.       j  Air  =  1.    Oxyg.  =  1.  H.  =  1. 


CIO 
~V 

NCg 

2 
SOa 

2 

S03 

2 

SO  2  CI 

2 

SCla 

2 
ASO3 

HO,  SO, 

2 

HgCl 


2 

HgBr 

2 

Hgl 

2 
SnClg 

2 
TiCla 

2 
Hg_S 

3 
PCI3 

8 
SiMa 

3 

SiCl, 

3 
HCl 

4 


2998-4 

1806-4 

2193 

3000 

4665 

3685 

13850 

1680 

9800 

12160 

15630 

9199-7 

6876 

5510 

3680 

3600 

5939 

1247-4 


2693-4 

1633-7 

1983-1 

2713 

4219 

3332-7 
12526 
1519 


10996-6 


43-5 

26 

32 

40 

67-5 

51-5 
198 
24-5 

135-5 

178 


14134-6     226 


8389-4 


6181-9 


4982-9 


3329 


3255-5 


5370-7 


1128 


77-3 


52-375 


18-25 


Ob- 


G-L. 

H-D. 

M. 

R. 

D 

M. 

B. 


M. 


M. 


D. 


M. 


C. 


B.  A. 
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Names  of  Substances. 

[Proportion  of  an  eq 
in  1  volume. 

Specific  Gravity. 

-     Ob- 

.  servers. 

Air  =  1. 

;Oxyg.  =  1.H.  =  1 

Hydrobromic  acid  

HBr 

2731 

2469-7 

39-5 

Hydriodic  acid    

4 
HI 

4443 

.  4017-8 

63-5 

G-L. 

Hydrocyanic  acid    

4 
HCy 

4 

947-6 

856-9 

13-5 

G-L. 

Chloride  of  cyanogen 

CyCl 

4 

2111 

1908-9 

30-75 

G-L. 

Deutoxide  of  nitrogen 

NO2 

1038-8 

939-3 

15 

B'. 

Peroxide  of  nitrogen  

4 
NO4 

4 
NH3 

4 
PH3 

4 

1720 

596-7 
1214 

1555-4 

539-6 

1097-8 

23 

8-5 
17-25 

C. 

B.&A. 

D. 

Ammonia    

Phosphuretted  hydrogen 

Hydride  of  arsenic 

ASH3 

4 

PCI3 

4 

2695 

4875 

2437 
4408-5 

39 
69-75 

D. 
D. 

Terchloride  of  phosphorus  . . . 

Terchloride  of  arsenic 

AsClg 

4 
BiCl 

4 

AST3 

4 

Hg.Cl 

4 

6300-6 
11160 
16100 

8350 

5697-7 
10092-1 
14560 

7551 

91-5 

226-5 
136 

D. 
J. 
M. 
M. 

Chloride  of  bismuth    

Iodide  of  arsenic  

Subchloride  of  mercury  

Subbromide  of  mercury 

Hg^Br 

4 

10140 

9170 

180 

M. 

Fluoride  of  boron 

BF, 

4 
BCla 

4 

2312-4 
3942 
559-6 

2091-2 

3564-8 

506-1 

8 

J-D. 

Chloride  of  boron   

Carburetted  hydrogen 

4 
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-.T  /.  o  1  J.  Proportion  of  an  eq. 

Names  of  Substances.        ,       ^^  ^  ^^^^^^^_      ,  ^.^.  ^  ^_ 


Specific  Gravity. 


,Oxgg.  =  1.H.  =  1 


Ob- 
servers. 


Methylene  (?) 
defiant  gas.  . 


Ofl  gas    

Cetene    

Oleene    

Eloeene    

Amilene  

Naphthaline    

Paranaphthaline  . . 
Benzene  (benzole) 
Terebene 


Citrene 


Retinaphtha 


Retinile 


Retinole 

Sweet  oil  of  wine    

Volatile  sweet  oil  of  ether 

Mesitylene 


C2  Hg 
4 

4 

4 

4 

4 


C30  H12 


^20  "l6 

4 

4 

Cx4Hs 

4 


4 


CsH^ 

2 
CiaHg 

490 


985-2 


1892 


8007 


443 


891 


14 


1711  ;  28 


i 

7240-8  iU2 


2875     2600- 
4071     3681-5 


5061 


4528 


4576-6 

4072 


6741   !  6096 

2770  2505 

4765  4309 

4891   i  4422-8 

I 

I 

3230   I  2921 

4242   I  3836 

7110   :  6429-7 

9476   ;  8569-3 

3965  3582 


280c 


2836-5 


42 
63 
70 
64 
96 
39 
68 
68 
46 
60 

104 

136 

67 

40 


T,  S. 


D.P. 
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Names  of  Substances. 


Proportion  of  an  eq. 
in  1  volume. 


Specific  Gravity. 


Air  =  1.    Oxyg.  =  l.;H.  =  l 


Ob- 
servers. 


Woodspirit 

Methylic  ether 


Methylic     ether    (monocUo- 
rinated)   


Methylic  ether  (bichlorinated) 

Methylic  ether  (perchlorinated) 

ronnic.acidat  321-8°  F... 
Sulphide  of  methyl 


Chloride  of  carbon 


Chloride  of  carbon  (another)  . 
Chloride  of  carbon  (another)  . 
Chloride  of  methyl 


Chloride  of   methyl   (mono- 
chlorinated)  


Fluoride  of  methyl . 
Iodide  c'"  ethyl... 
Sulphate  of  methyl . 
Nitrate  of  methyl  . 
Formiate  of  methyl 
Acetate  of  methyl    . 


C, 

H4 

0. 

4 

c, 

.H3 

0 

2 

C, 

H, 

CIO 

2 

c. 

HC 

1^0 

6 

C 

,CL 

,0 

3 

c. 

H, 

04 

4 

C2     Hg     S 
C2CI4 

4 
C4CI4 

4 
C.Cle 


4 
C^  H3  CI 

4 
Cg  "^2  CI2 


Ca  H3  0,  SO3 


C2  H3  0,  NO, 


C2H3O,  C2HO3 


1120  1012-8 


1617  1462-3 


3903       !     3529-5 


C^H^CC^H.O, 


4670 

1610 
6367 
5330 

5820 

8157 

1731 

3012 

1186 

4883 

4565 

2653 

2084 

5563 


16 


23 


57-5 


D.  P. 


Id. 


2115     1912-6   30-66 


62-75 


4223-2 

1456 

5557-8 
4820 

5263-1 

7376-5  118-5 


23 


77 


1565-4 


2724 

1072-5  i  16-5 


25-25 


42-5 


4415-8 


4128-1 


2399-6 


1884-5 


2317-7 


70-5 


63 


30 


37 


Id. 

B. 

Id. 
R. 

Id. 

Id. 

D.  P. 

R. 

D.  P. 

Id. 

Id. 


Id. 


Id. 


Id. 
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Names  of  Substances. 


Methylal. 


Alcohol  ... 
Mercaptan 


Ether 


Sulphuret  of  ethyl 


Chloride  of  ethyl. 


Chloride    of     ethyl     (mono- 
chlorijiated)     


Chlorideof  ethyl  (bichlorinated) 


Chloride  of  ethyl  (trichlorinated) 


Chloride  of  ethyl  (quadrichlo- 
rinated)    


Iodide  of  ethyl 


Nitrous  ether 


Chlorocarbonic  ether 
Sulphurous  ether    ... 


Oxalic  ether 


Silicic  ether  (tribasic) . 
Boric  ether  (tribasic)  . 
Acetic  ether    


Proportion  of  an  eq 
in  1  volume. 


C,  H3  0^ 


4 

C4 

He 

0, 

4 

C4 

H« 

s. 

4 

c, 

.H, 

0 

2 

C,H,S 

2 

C4 

H. 

CI 

4 

C4 

H4 

CI, 

4 

C4 

H3 

C13 

4 

c. 

H. 

C14 

4 

C4  HCl^ 

4 

C4 

H. 

I 

4 

C^H 

sO, 

N03 

c^H^o,  CgOaa 


C^  H^  0,  SO2 


C^H,0,C,03 


3C^  H3  O,  SiOg 


3C^  H,  0,  BO3 


C^H.O,  C,H30, 


Specific  Gravity. 


Air  =  1.  ;Oxyg.  =  l.H.  =  l 


2625 
1613 
2326 

2586 

3100 

2299 

3478 

4530 

6799 

6975 

5475 

2626 

3829 

4780 

5087 

7210 

5140 

3067 


2374  I   38 
1458-7  !  23 


2103-4 


31 


Ob- 
servers. 


2338-5   37 


2803-4 

2006-6 

3145-2 

4096-5 

5244-1 

6307-6 

4951-2 

2374-7 

3462-6 

4323 

4600-3 

6521 

4649 

2773-5 


45 


42-25 


49-5 


66-75 


84 


101-25 


77-5 


37-5 


54-25 


69 


73 


104 


72 


44 


M'. 

G-L. 

B. 

G-L. 


Id, 


Id. 


G-L. 


D.B'. 


D. 


E.&B. 


D.B' 


E.&B. 


Id. 
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Names  of  Substances. 


Benzoic  ether 


Succinic  ether. 


Pyromucic  ether . 


(Enanthic  ether 


Dutch  liquid 

Bromide  of  olefiant  gas 


Chloral 


Chloroform 

Aldehyde  

Alcarsin 

Acetic  acid  at  482°  F. 
Chloracetic  acid 


Acetone 


Benzoic  acid 


Hydride  of  salicyl 

Eugenic  acid  

Camphor 


Proportion  of  an  eq. 
in  1  volume. 


CJIsO.C.^H.Og 


Specific  Gravity. 


Air  =  1.    Oxyg.  =  1.  H.  =  1. 


C^H,0,C^H303 


C^H,0,C,oH30, 


C^H,0,C,Ji,302 


2 


C4  H3  CI, 

HCl 

4 

C,  H3  Br, 

HBr 

4 

C4  HCI3 

0, 

4 

C,  HCI3 

Urethane 


4 
C4  H4  O2 

4 


C4  H^  O, 


C4  HCI3  O^ 


4 
C..HeO, 

4 

4 

4 

^20  Hig  O2 

4 
C,  NH,  0, 

4 


5409 


6220 


4899 


5624-8 


4859       i     4394-1 


10508 

3443 

6485 

5130 

4199 

1532 

7184 

2080 

5300 

2019 

4270 

4276 
6400 
5468 

3096 


9502-5 

3113-5 

5864-5 

4639-1 

3797-2 

1385-4 

6496-6 

1879-8 

4792-9 

1825-8 

3861-4 

3867-1 
5787-6 
4945-7 

2800 


71 

87 

70 
150 

49-5 

94 

73-75 

65-78 

22 
105 

30 

81-75 

29 

61 

61 
86 
76 

44-5 


Ob- 

servers. 


Id. 


M. 


L.&P. 


G-L.D. 


R. 


Id. 

D.  M. 

P. 
D. 

Id. 

Id. 


156  VOLUMES  OF  ATOMS  IN  THE  GASEOUS  STATE. 

After  the  name  of  each  substance  in  the  preceding  table  is  given 
the  formnla  of  its  equivalent^  which  is  divided  by  the  number  of 
volumes  of  vapour  which  the  equivalent  gives  and  the  combining 
measure  contains.  The  equivalent  thus  divided  therefore  expresses 
the  composition  of  a  single  volume  of  the  vapour.  The  first  colimni 
of  numbers  contains  the  specific  gravities  referred  to  air  as  1000  ;  the 
second,  in  wliich  the  specific  gravities  are  expressed  with  reference 
to  that  of  oxygen  as  1000,  is  obtained  by  dividing  the  former  specific 
gravities  by  1105*6,  the  specific  gravity  of  oxygen  gas.  In  the  third 
column,  the  specific  gravities  are  referred  to  hydrogen  as  1 ;  and 
consequently  the  nimiber  for  any  vapour  expresses  how  many  times 
that  vapour  is  heavier  than  hydrogen.  The  numbers  of  this  column 
only  are  obtained  by  calculation  from  the  equivalents,  and  are  therefore 
the  theoretical  densities  :  if  divided  by  16  they  give  corresponding 
theoretical  densities  on  the  scale  of  oxygen  equal  to  1 ;  or  if  divided 
by  14*416  (the  number  of  times  which  air  is  heavier  than  hydrogen) 
they  give  the  theoretical  densities  on  the  scale  of  air  equal  to  1.  The 
letter  or  letters  in  the  last  column  refer  to  the  name  of  the  observer 
on  whose  authority  the  experimental  specific  gravities  of  the  first  and 
second  columns  of  numbers  are  given."^ 

An  extraordinary  variation  in  the  specific  gravity  of  acetic  acid  at 
different  temperatures  was  observed  by  M.  Dumas,  which  is  con- 
firmed by  M.  Cahours  and  M.  Bineau,t  and  the  anomaly  found  to 
extend  to  certain  acids  allied  to  the  acetic ;  namely  formic,  butyric, 
and  valerianic  acids.  Thus  the  vapour  of  acetic  acid  (H  0,  C4  H3  O3), 
has  a  specific  gravity  of  3200  at  125°  Centig.,  2480  at  160°  C, 
2220  at  200°,  2090  at  230°,  2080  at  250°,  and  retains  the  last 
specific  gravity,  which  corresponds  with  the  theoretical  density  of 
four  volumes  from  one  equivalent,  at  higher  temperatures ;  the 
observation  being  made  up  to  338°  C.  This  vapour  has,  indeed,  been 
observed  with  a  density  so  great  as  3950,  under  reduced  pressure,  and 
at  a  low  temperature,  namely  69°  Tahr.  The  variation  is  probably 
accounted  for  by  considering  the  acid  to  be  bibasic  at  low  tempera- 

*  A  signifies  Felix  d'Arcet;  B,  Bunsen;  B',  Berard;  BA,  Biot  and  Arago;  BD, 
Berzelius  and  Dulong ;  C,  Colin ;  C,  Cruikshanks ;  C",  Cahours ;  D,  Diunas ;  DB, 
Dumas  and  Boussingault ;  DB',  Dumas  and  P.  Boullay ;  DP,  Dumas  and  Peligot ;  E 
Ebelmen;  E  and  B,  Ebelmen  and  Bouquet;  T,  Premy ;  G-L,  Gay-Lussac;  GT 
Gay-Lussac  and  Thenard  ;  L,  Liebig  ;  LP,  Liebig  and  Pelouze ;  M,  jMitscheiiich  ;  M', 
Malaguti ;  P,  Piria ;  PW,  Peletier  and  Walter ;  R,  Eegnault ;  TS,  Theodore  de  Saussvu-e. 
The  table  itself  is  that  given  by  M.  Baudrimont  in  his  excellent  Traite  de  Chimie,  some- 
what modified  and  extended. 

t  Annales  de  Chimie,  &c.  3*  ser.  t,  xviii.  p.  226. 
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tures,  with  a  double  eqiuvalcnt  and  doiiblc  density,  and  to  assume 
progressively  the  molecular  form  and  single  density  of  the  monobasic 
acid,  as  the  temperature  rises.  The  acid  undergoes  no  permanent  or 
constitutional  alteration  at  the  highest  of  the  temperatures  specified, 
but  condenses  again  in  possession  of  all  its  usual  properties. 

Butyric  acid  has  a  density  of  3680  at  177°  C,  which  falls  to  3070 
at  261°  C,  and  remains  the  same  at  330°  C.  Valerianic  acid  gave 
similar  results,  but  the  variation  was  less  excessive  (Cahours.) 

Formic  acid  vapour  was  observed  by  M.  Eineau  with  a  specific 
gravity  as  high  as  3230,  under  a  pressure  of  about  one-fiftieth  of  an 
atmosphere,  and  at  the  temperature  of  51°  P.,  while  it  rarefied  to 
1610  at  416°  Fahr.,  under  the  usual  atmospheric  pressure.  The  two 
sorts  of  molecular  groups  of  this  acid  correspond  respectively  with  the 
specific  gravities,  1590  and  3180;  in  the  first  case  the  ordinary 
equivalent  (C2  H  O3  +  H  0)  gives  four,  and  in  the  second  two 
equivalents  of  vapoui-. 

The  acetic  and  other  acids  of  this  class  were  formerly  supposed  to 
give  tliree  volumes  of  vapour,  but  it  is  doubted  whether  the  propor- 
tions of  three  and  six  volumes  exist  at  all,  or  that  the  vapourous  mole- 
cule of  compound  bodies  is  ever  divisible  except  by  2,  4,  or  8.  Three 
compounds  of  silicium  form  exceptions  to  this  rule — the  chloride 
Si  CI3,  and  the  corresponding  fluoride  and  ether,  which  give  tliree 
volumes.  From  this  circmnstance,  and  the  analogy  which  subsists 
between  silicic  acid,  and  the  titanic  acid  and  binoxide  of  tin,  it  has 
been  proposed  to  diminish  the  equivalent  of  silicium  one-third,  repre- 
senting silicic  acid  by  Si  O2 ;  and,  in  consequence,  the  chloride  and 
fluoride  of  silicium  and  sihcic  ether  would  possess,  in  the  state  of 
vapour,  a  molecule  divisible  by  2.  Two  chlorinated  compounds  of 
methyl  and  the  sulphuret  of  mercury  are  the  only  other  substances 
of  which  the  equivalents  are  divided  in  the  table  by  6  or  3. 

The  specific  gravity  of  the  vapour  of  oil  of  vitriol  H  O,  S  O3,  was 
found  to  vary  from  2500  at  630°  Fahr.,  to  1680  at  928°  Falir.  This 
substance  should  have  a  density  of  1640  on  the  hypothesis  of  the 
union  of  the  anhydrous  acid  and  water  without  condensation ;  a  num- 
ber wliich  corresponds  sufiiciently  well  with  observations  of  the  density 
made  at  temperatures  above  750°  Fahr.  But  the  vapours  of  the  acids 
are  not  the  only  bodies  which  present  such  anomalies;  the  oils  of 
aniseed  and  fennel,  which  are  perfectly  neutral,  offer  similar  results. 
Thus  the  vapour  of  the  oil  of  aniseed  varies  in  specific  gravity  from 
5980  at  473°  Fahr.  to  5190  at  640°  Fahr.;  its  theoretical  density 
being  5180.     The  greater  part,  however,  of  the  compound  ethers. 
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and  a  large  number  of  the  volatile  oils,  particularly  the  pure  hydro- 
carbon oils,  furnish,  at  from  60  to  80  degrees  above  the  boiling 
point,  numbers  which  accord  closely  with  theory. 

The  specific  gravity  of  the  pentachloride  of  phosphorus,  taken  by 
M.  Mitscherhch  at  335°  Fahr.,  is  represented  by  4850, which  led  to 
the  conclusion  that  the  molecule  of  this  compound  gives  six  volumes 
of  vapour.  But  M.  Cahours  finds  that  the  density  of  this  vapour 
varies  with  the  temperature,  from  4990  at  374°  to  3656  at  621°: 
about  554°  the  density  is  3680,  which  corresponds  with  eight 
volumes  of  vapour. 

From  these  tables,  it  appears  that  a  simple  relation  always  subsists 
between  the  combining  measures  of  difi'erent  bodies  in  the  gaseous 
state : 

That  the  combining  measure  of  a  few  bodies  is  the  same  as  that  of 
oxygen,  or  one  volume ;  of  a  large  number,  double  that  of  oxygen, 
or  two  volumes;  and  of  a  stiU  larger  number,  four  times  that  of 
oxygen,  ovfour  volumes  ;  wliile  combining  measures  of  other  num. 
bars  of  volumes,  such  as  three  and  six,  or  of  fractional  portions  of 
one  volume,  such  as  one-third,  are  comparatively  rare : 

That  the  specific  gravity  of  a  gas  may  be  calculated  from  its  atomic 
weight,  or  the  atomic  weight  from  the  specific  gravity,  as  they  are 
necessarily  related  to  each  other.  Thus,  to  find  the  specific  gravity  of 
a  vapour  like  that  of  phosphorus,  of  wliich  the  combining  measure  is 
one  volume,  or  the  same  as  that  of  oxygen.  The  specific  gravities 
of  two  bodies,  of  wliich  the  volumes  of  the  atoms  are  the  same, 
must  obviously  be  as  the  weights  of  these  atoms.  Hence,  8  and  32 
being  the  atomic  weights  of  oxygen  and  phosphorus,  and  1105*6,  the 
known  specific  gravity  of  oxygen,  the  specific  gravity  of  phosphorus 
vapour  is  obtained  by  the  following  proportion — 

8  :32  ::  1105.6  :  4422 
=  sp.  gr.  of  phosphorus  vapour. 

Secondly,  to  find  the  specific  gravity  of  a  vapour  like  that  of 
fluorine,  of  wliich  the  combining  measure  is  assumed  to  be  two 
volumes,  or  double  that  of  oxygen.  The  atomic  weight  of  fluorine 
18-70, 

8:  18-70::  1105.6:  2584-34  = 
twice  the   specific   gravity  of  fluorine,  being   the   weight   of   two 
volumes,  and  the  specific  gra\dty  required  is  1292*17. 

These  cases  are  examples  of  a  general  rule,  that  the  specific 
gravity  of  a  body  in  the  state  of  vapour  is  obtained  by  multiplying 
the  atomic  weight  of  the  body  by  1105-6,  the  specific  gravity  of 
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oxygen,  and  dividing  by  8.  The  number  thus  found  must  then  be 
divided  by  the  number  of  volumes  which  are  known  to  compose  the 
combining  measure  of  the  vapour. 

The  specific  gravities  thus  calculated  are  generally  more  accurate 
than  those  obtained  by  direct  experiment,  from  the  circumstance 
that  the  operation  of  taking  the  specific  gravity  of  a  gas  is  generally 
less  susceptible  of  precision,  than  the  chemical  analyses  on  wliich  the 
atomic  weights  are  founded.  The  densities  of  vapours,  taken  only  a 
few  degrees  above  their  condensing  points,  are  generally  a  little 
greater  than  the  truth,  owing  to  a  peculiarity  in  their  physical  consti- 
tution which  was  formerly  explained  (page  76).  Of  such  bodies, 
therefore,  the  theoretical  is  a  necessary  check  upon  the  experimental 
density. 

SECTION  IV. — RELATION  BETWEEN  THE  CRYSTALLINE  FORM  AND  ATOMIC 
CONSTITUTION  OE  BODIES — ISOMORPHISM. 

Bodies  on  passing  from  the  gaseous  or  liquid  to  the  solid  state 
generally  present  themselves  in  crystals,  or  regular  geometrical  figures, 
which  are  the  larger  and  more  distinct  the  more  slowly  and  gradually 
they  are  produced.  Their  formation  is  readily  observed  in  the  spon- 
taneous evaporation  of  a  solution  of  sea-salt,  or  in  the  slow  cooling 
of  a  hot  and  saturated  solution  of  alum,  which  salts  assume  the  forms 
of  the  cube  and  regular  octohedron.  The  crystalline  form  of  a  body 
is  constant,  or  subject  only  to  certain  geometrical  modifications  which 
can  be  calculated,  and  is  most  serviceable  as  a  physical  character  for 
distinguishing  salts  and  minerals.  Between  bodies  of  similar  atomic 
constitution,  a  relation  in  form  has  been  observed  of  great  interest 
and  beauty,  which  now  forms  a  fundamental  doctrine  of  physical 
science,  like  the  subjects  of  atomic  weights  and  volumes  just  con- 
sidered. 

Gay-Lussac  first  made  the  remark  that  a  crystal  of  potash-alum 
transferred  to  a  solution  of  ammonia-alum  continued  to  increase 
without  its  form  being  modified,  and  might  thus  be  covered  with 
alternate  layers  of  the  two  alums,  preserving  its  regularity  and  proper 
crystalline  figure.  M.  Beudant  afterwards  observed  that  other  bodies, 
such  as  the  sulphates  of  iron  and  copper,  might  present  themselves  in 
crystals  of  the  same  form  and  angles,  although  the  form  was  not  a 
simple  one  like  that  of  alum.  But  M.  Mitscherlich  first  recognised 
this  correspondence  in  a  sufficient  number  of  cases  to  prove  that  it 
was  a  general  consequence  of  similarity  of  composition  in  different 
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bodies.  To  the  relation  in  form  he  apphed  the  term  isomorplihm, 
(from  woq,  equal,  and  \Jio^<^r\,  shape),  and  distinguished  bodies  which 
assume  the  same  figure  as  isomorphous,  or  (in  the  same  sense)  as 
similiform  bodies.  The  law  at  which  he  arrived  is  as  follows : — 
"  The  same  number  of  atoms  combined  in  the  same  way  produce 
the  same  crystalline  form ;  and  crystalline  form  is  independent  of 
the  cliemical  nature  of  the  atoms,  and  determined  only  by  their 
number  and  relative  position.^'' 

This  law  has  not  been  established  in  all  its  generality,  but  perhaps 
no  fact  is  certainly  known  which  is  inconsistent  with  it,  while  an  in- 
disposition which  certain  classes  of  elements  have  to  form  compounds 
at  all  similar  in  composition  to  those  formed  by  other  cbs«es,  limits 
the  cases  for  comparison,  and  makes  it  impossible  to  trace  the  law, 
tlu-oughout  the  whole  range  of  the  elements,  in  the  present  state  of 
our  knowledge  respecting  them. 

The  relation  of  isomorphism  is  most  frequently  observed  between 
salts,  from  their  superior  aptitude  to  form  good  crystals.  Thus  the 
arseniate  and  phosphate  of  soda  are  obtained  in  the  same  form,  and 
are  exactly  alike  in  composition,  each  salt  containing  one  proportion 
of  acid,  two  of  soda,  and  one  of  water  as  bases,  together  with  twenty- 
four  atoms  of  water  of  crystallization.  With  a  different  proportion  of 
water  of  crystallization,  namely,  with  fourteen  atoms,  and  the  other 
constituents  unchanged,  the  crystalline  form  is  totally  different,  but 
is  again  the  same  in  both  salts.  Eor  every  arseniate,  there  is  a  phos- 
phate corresponding  in  composition,  and  identical  in  form;  the 
isomorphism  of  these  two  classes  of  salts  is  indeed  perfect.  The 
arsenic  and  phosphoric  acids  contain  each  five  proportions  of  oxygen 
to  one  of  arsenic  and  phosphorus  respectively,  and  are  supposed  to  be 
themselves  isomorphous,  although  the  fact  cannot  be  demonstrated,  as 
the  acids  do  not  crystallize.  The  elements,  phosphorus  and  arsenic,  are 
also  known  to  be  isomorphous :  and  the  isomorphism  of  their  acids 
and  salts  is  referred  to  the  isomorphism  of  the  elements  themselves ; 
isomorphous  compounds  in  general  appearing  to  arise  from  isomor- 
phous elements  uniting  in  the  same  manner  with  the  same  substance. 
The  isomorphism  of  the  sulphate,  seleniate,  chromate,  and  manga- 
nate  of  the  same  base  is  likewise  clear  and  easily  observed ;  each  of 
the  acids  in  these  cases  containing  three  proportions  of  oxygen  to 
one  of  selenium,  sulphur,  chromium,  and  manganese,  themselves  pre- 
sumed to  be  isomorphous. 

Of  bases,  the  isomorphism  of  the  class  consisting  of  magnesia, 
oxide  of  zinc,  oxide  of  cadmium,  and  the  protoxides  of  nickel,  iron 


ISOMORPHISM.  ]61 

and  cobalt,  is  well  marked  in  the  salts  which  they  form  with  a  com- 
mon acid,  and  is  particularly  observable  in  the  double  salts  of  these 
oxides,  such  as  the  sulphate  of  magnesia  and  potash,  sulphate  of  zinc 
and  potash,  sulphate  of  copper  and  potash,  wliich  have  all  six  atoms 
of  water  and  a  common  form.  The  sulphates  themselves  of  these 
bases  differ,  most  of  them  affecting  seven  atoms  of  water  of  crystal- 
lizati;)n,  while  the  sulphate  of  copper  affects  five ;  but  those  with  the 
seven  may  likewise  be  crystallized  in  favourable  circumstances  with 
five  atoms  of  water,  and  then  assume  the  form  of  the  copper  salt, 
thus  exhibiting  a  second  isomorpliism  like  the  arseniate  and  phos- 
phate of  soda. 

The  sesquioxides  of  the  same  class  of  metals  with  alumina  and  the 
sesquioxide  of  chromium,  wliich  consist  of  two  atoms  of  metal  and  three 
of  oxygen,  also  afford  an  instructive  example  of  isomorphism,  particu- 
larly in  their  double  salts.  The  sulphate  of  the  sesquioxide  of  iron  with 
sulphate  of  potash  and  twenty-four  atoms  of  water,  forms  a  double 
salt  having  the  octohedral  form  of  sulphate  of  alumina  and  potash,  or 
common  alum,  the  same  astringent  taste,  with  other  physical  and 
chemical  properties  so  similar,  that  the  two  salts  can  with  difficulty 
be  distinguished  from  each  other.  The  salt  is  called  iron  alum,  and 
there  are  corresponding  manganese  and  chrome  alums,  neither  of 
which  contains  alumina,  but  the  sesquioxide  of  manganese  and  sesqui- 
oxide of  cliromium  in  its  place,  with  the  proportions  of  acid  and  water 
which  exist  in  common  alum.  In  all  these  salts  another  substitution 
may  occur  without  change  of  form ;  namely,  that  of  soda  or  oxide  of 
ammonium  for  the  potash  in  the  sulphate  of  potash,  giving  rise  to 
the  formation  of  what  are  called  soda  and  ammonia  alums. 

Certain  facts  have  been  supposed  to  militate  against  the  principles 
of  isomorphism,  which  require  consideration. 

1.  It  appears  that  the  corresponding  angles  of  crystals  reputed 
isomorphous  are  not  always  exactly  equal,  but  are  sometimes  found  to 
differ  two  or  three  degrees,  although  the  errors  of  observation  in  good 
crystals  rarely  exceed  10'  or  20'  of  a  degree.  But  it  has  been  shewn 
by  Mitscherlich  that  a  difference  may  exist  between  the  incKnations 
of  two  series  of  similar  faces  in  different  specimens  of  the  same  salt, 
of  59';  wJiile  it  is  also  known  that  the  angles  of  a  crystal  alter  sen- 
sibly in  their  relative  dimensioTis  with  a  change  of  temperature 
(page  3).     The  angles  of  crystals  are,  therefore^  affected  in  their 
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values  within  small  limits  by  causes  of  an  accidental  character, 
and  absolute  identity  in  crystalhne  form  may  require  the  concur- 
rence of  circumstances  which  are  not  found  together  in  tJie  ordi- 
nary modes  of  producing  many  crystals,  which  are  still  truly  isomor- 
phous. 

The  following  table  exhibits  the  inequalities  which  have  been  ob- 
served between  the  angles  of  certain  isomorphous  crystals : — 


Bhomboidcd  form. 

Carbonate  of  manganese  (diallogite)    . 
"  lime  (calc-spar) 

"  lime  and  magnesia  (dolomite) 

'^  magnesia  (giobertite) 

"  iron  (spathic  iron) 

"  zinc  (smithsonite) 


103° 
105°  5' 
106°  15' 
107°  25' 
107° 
107°  40' 


Square  prismatic  with  rkomboidal  base. 

Carbonate  of  lime  (arragonite)    .         .         .         .  116°  5' 

lead(cemse)  ....  117° 

"  strontian  (strontianite)    .         .         .  117°  32' 

baryta  (witherite)  .         .         .  118°  57' 

Sulphate  of  baryta 101°  42' 

lead  (anglesite) 103°  42' 

"         strontia  (celestine)     ....  104°  30'- 


2.  It  appears  that  the  same  body  may  assume  in  different  circum- 
stances two  farms  which  are  totally  dissimilar,  and  have  no  relation 
to  each  other.  Thus  sulphur  on  crystallizing  from  solution  in  the 
bisulphide  of  carbon  or  in  oil  of  turpentine,  at  a  temperature  under 
100°,  forms  octohedrons  with  rhombic  bases,  but  when  melted  by 
itself  and  allowed  to  cool  slowly,  it  assumes  the  form  of  an  oblique 
rhombic  prism  on  solidifying  at  232°'.  These  are  incompatible  crys- 
talline forms,  as  they  cannot  be  derived  from  one  common  form. 
Carbon  occurs  in  the  diamond  in  regular  octohedrons,  and  in  graphite 
or  plumbago  in  six-sided  plates,  forms  which  are  likewise  incompati- 
ble. Sulphur  and  charcoal  have  each,  therefore,  two  crystalhne 
forms,  and  are  said  to  be  dimorphous ^  (jfrom  Iiq,  twice,  and  \iop<^^, 
shape).  Carbonate  of  lime  is  another  familiar  instance  of  dunorphism, 
forming  two  mineral  species,  calc-spar  and  arragonite,  which  are 
identical  in   composition,    but   differ   entirely   in  crystalline  form. 


ISOMORPHISM.  163 

G.  Rose  has  shewn  that  the  first  or  second  of  these  forms  may  be  given 
ta  the  granular  carbonate  of  Hme  formed  artificially,  according  as  it 
is  precipitated  at  the  temperature  of  the  air,  or  near  the  boiling  point 
of  water.  Of  its  two  forms,  carbonate  of  lime  most  frequently 
affects  that  of  calc-spar :  but  carbonate  of  lead,  which  assumes  the 
same  two  forms,  and  is  therefore  isodimorphous  with  carbonate 
of  lime,  cliiefly  affects  that  of  arragonite,  and  is  very  rarely  found  in 
the  other  form.  Had  these  carbonates,  therefore,  been  each  know^n 
only  in  its  common  form,  their  isomorphism  w^ould  not  have  been 
suspected, — an  important  observation,  as  the  w^ant  of  isomorphism 
between  certain  other  bodies  may  be  caused  by  their  being  really 
dimorphous,  although  the  two  forms  have  not  yet  been  perceived. 
Crystallization  in  three  forms  is  not  unknown :  thus  titanic  acid  is 
found  in  three  distinct  forms,  as  the  minerals  rutile,  brookite,  and 
anatase. 

3.  The  observation  of  the  isomorphism  of  bodies  is  of  the  greatest 
value  as  an  indication  that  they  possess  a  similar  constitution,  and 
contain  a  Hke  number  of  atoms  of  their  constituents.  But  it  must 
be  admitted  that  the  most  perfect  coincidence  in  form  is  likewise 
observed  between  certain  bodies  which  are  quite  different  in  composi- 
tion. Thus  bisulphate  of  potash  is  dimorphous,  and  crystallizes  in 
one  of  the  two  forms  of  sulphur  (Mitscherlich) .  Nitrate  of  potash  in 
common  nitre  has  the  form  of  arragonite,  and  occurs  also,  there  is 
reason  to  believe,  in  microscopic  crystals  in  the  form  of  calc-spar. 
Nitrate  of  soda,  again,  has  the  form  of  calc-spar.  Permanganate 
of  baryta  and  the  anhydrous  sulphate  of  soda  likewise  crystallize  in 
one  form.  Between  the  first  pair,  sulphur  and  bisulphate  of  potash, 
the  absence  of  all  analogy  in  composition  is  sufficiently  obvious, 
notwithstanding  their  isomorphism.  Between  nitrate  of  potash  and 
carbonate  of  lime,  and  between  permanganate  of  baryta  and 
sulphate  of  soda,  there  is  no  similarity  of  composition,  on  the 
ordinary  view  which  is  taken  of  the  constitution  of  these  salts,  but 
both  of  these  pairs  have  been  assimilated,  in  speculative  views  of  their 
constitution  proposed  by  Mr.  Johnston^  in  regard  to  the  first  pair, 
and  by  Dr.  Clarkf  in  regard  to  the  second,  which  merit  consideration, 
although  the  hypotheses  cannot  be  both  correct,  as  they  are  based 


*  Philosophical  Magazine,  third  series,  vol.  xii.  page  480. 
t  Records  of  General  Science,  vol.  iv.  page  45. 
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upon  incompatible  data.  To  these  may  be  added^  the  snlphate  of 
baryta  with  perchlorate  and  permanganate  of  potash :  BaO,  SO3  with 
KO^  CIO7  and  KO,  Mn^  O7.  The  sulphide  of  antimony  with  sul- 
phate of  magnesia:  Sb  S3  with  MgO,  SO3  +  7HO.  Borax  with 
augite,  labradorite  and  anorthite^  quartz  and  chabasite^  mohsite  and 
eudialite^  anatase  and  apophyllite,  zircon  and  wernerite^  manganite 
and  prehnite.  Copper  pyrites^  Cu  Ee  S2,  has  also  the  same  form  as 
braunite  or  sesquioxide  of  manganese,  Mug  O3.  Leucite  and  anal- 
cime  both  belong  to  the  regular  system,  and  are  aluminous  sihcates 
of  similar  composition ;  but,  while  the  first  contains  one  equivalent 
of  potash,  the  other  contains  one  equivalent  of  soda  +  2 HO. 

The  nitrite  of  lead  has  the  same  octohedral  figure  as  the  nitrate  of 
lead,  with  two  atoms  of  oxygen  less  in  its  acid. 

Of  examples  of  identity  of  crystalline  form  without  any  well- 
established  relation  in  composition,  many  others  might  be  quoted,  if 
occurrence  in  the  simple  forms  of  the  cube  and  regular  octohedron 
should  be  allowed  to  constitute  isomorphism.  For  example :  carbon, 
sea-salt,  arsenious  acid,  galena,  the  magnetic  oxide  of  iron,  and 
alum,  all  occur  in  octohedrons,  although  they  are  no  way  related  in 
composition.  But  these  simple  forms  are  so  common,  that  they  can 
be  held  as  affording  no  proof  of  isomorphism,  unless  in  cases  where  it 
is  to  be  expected  from  admitted  similarity  of  composition,  as  between 
the  different  alums,  or  between  chrome  iron  and  the  magnetic  oxide 
of  iron,  Crg  O3,  TeO  and  le^  O3,  TeO. 

But  notwithstanding  the  occurrence  of  such  apparently  fortuitous 
coincidences  in  form,  isomorphism  must  still  be  considered  as  the 
surest  criterion  of  similarity  of  composition  which  we  possess.  Truly 
isomorphous  bodies  generally  correspond  in  a  variety  of  other  proper- 
ties besides  external  form.  Arsenic  and  phosphorus  resemble  each 
other  remarkably  in  odour,  although  the  one  is  a  metal  and  the  other 
a  non-metallic  body,  while  the  corresponding  arseniates  and  phos- 
phates agree  in  taste,  in  solubility,  in  the  degree  of  force  with  which 
they  retain  water  of  crystallization,  and  in  various  other  properties. 
The  seleniate  and  sulphate  of  soda,  with  ten  atoms  of  water,  which 
are  isomorphous,  are  both  efflorescent  salts,  and  correspond  in  solu- 
bility, even  so  far  as  to  agree  in  an  unwonted  deviation  from  the 
usually  observed  increasing  rate  of  solubility  at  high  temperatures, 
both  salts  being  more  soluble  in  water  at  100°  than  at  212°.  In 
fact,   isomorphism    appears   to   be   always   accompanied   by   many 
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common  properties^  and  to  be  the  feature  which  indicates  the  closest 
relationship  between  bodies. 

It  "Will  afterwards  appear  that  the  more  nearly  bodies  agree  in 
composition,  they  are  the  more  likely  to  act  as  solvents  of  each  other, 
or  to  be  miscible  in  the  liquid  form.  An  attraction  for  each  other  of 
the  same  character  is  probably  the  cause  of  the  easy  blending  together 
of  the  particles  of  isomorphous  bodies,  and  of  the  difficulty  of  sepa- 
rating them  after  they  are  once  dissolved  in  a  common  menstruum ; 
such  isomorphous  salts  as  the  permanganate  and  perclilorate  of 
potash  ma}^,  indeed,  crystallize  apart  from  the  same  solution,  owing 
to  a  considerable  difference  of  solubility ;  and  potash-alum  may  be 
purified,  in  a  great  measure,  by  crystallization,  from  iron-alum, 
which  is  more  soluble,  and  remains  in  the  mother -liquor ;  but  most 
isomorphous  salts,  such  as  the  sulphates  of  iron  and  copper,  or 
the  iodide  and  chloride  of  potassium,  when  once  dissolved  together, 
do  not  crystallize  apart,  but  compose  homogeneous  crystals,  which 
are  mixtures  of  the  two  salts  in  indefinite  proportions.  This  inter- 
mixture of  isomorphous  compounds  is  of  frequent  occurrence  in 
minerals,  and  was  quite  inexplicable,  and  appeared  to  militate  against 
the  doctrine  of  combination  in  definite  proportions,  till  the  power  of 
isomorphous  bodies  to  replace  each  other  in  compounds  was  recog- 
nized as  a  law  of  nature.  Thus,  in  garnet,  which  is  a  silicate  of 
alumina  and  lime,  AI2  O3,  Si  O3  +  3CaO  Si  O3,  the  alumina  is  found 
often  whoUy  or  in  part  replaced  by  an  equivalent  quantity  of  peroxide 
of  iron ;  while  the  lime,  at  the  same  time,  may  be  exchanged  wholly 
or  in  part  for  protoxide  of  iron,  or  for  magnesia,  without  the  proper 
crystalline  character  of  the  mineral  being  destroyed.  Hence  the 
composition  of  mineral  species  is  most  properly  expressed  by  general 
formula?,  where  a  letter,  such  as  R,  expresses  an  equivalent  of  metal 
which  may  be  calcium,  magnesium,  manganese,  iron,  &c. : — 

The  Pyroxenes  by  3E0,  2Si  O3. 

The  Epidotes  by  3R0,  2AI2  O3,  3Si  O3. 


*^*  The  various  forms  of  crystals  were  jBrst  happily  described  by  Professor  Weiss,  of 
Berlin,  by  reference  to  "  crystalline  axes,"  which  are  three  straight  lines  passing  through 
the  same  point,  and  terminating  in  the  surfaces  or  angles  of  the  crystal.  The  simplest 
case  is  that  in  which  the  three  axes  cross  each  other  at  right  angles,  and  arc  equal  in 
length,  as  represented  (fig,  51) ;  c  being  the  vertical,  and  a  and  ^  the  two  horizontal 
axes.  A  crystal  is  formed  by  applying  planes  in  tliree  principal  ways  to  these  axes. 
-     1.  By  applying  six  planes  so  that  each  shall  be  perpendicular  to  one  axis  and  paidlcl 
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to  the  other  two,  the  hexahedron,  or,  as  it  is  more  commonly  termed,  the  cube  (fig,  52), 
is  formed.     Here  the  axes  terminate  in  the  centre  of  each  of  the  six  faces  of  the  crystal. 


Fro.  51 


Fig.  52. 


2.  By  applying  one  plane  to  an  extremity  of  each  of  the  three  axes,  as  to  the  points 
a,b,  and  c  (fig.  51),  and  seven  planes  in  the  same  manner  to  other  extremities,  the  regnlar 
octohedron  is  produced,  of  which  the  eight  faces  or  planes  are  all  equilateral  triangles 
(fig.  53).     The  axes  here  terminate  in  tli«  angles  of  the  crystal. 

3.  The  plane  may  he  applied  to  the  extremities  of  two  axes,  and  be  parallel  to  the 
third,  which  will  require  twelve  planes  to  close  the  figm-e,  and  give  rise  to  the  rhombic 
dodecahedron  (fig,  54). 


Fig.  53. 


Fig  54. 


Ta  these  three  principal  forms,  the  planes  are  applied  to  the  axes  at  equal  distances  from 
the  centre.  They  may  also  cut  the  axes  at  unequal  distances  from  the  centre,  giving  rise 
to  four  other  less  usual  forms. 

A  body  in  crystaUizing  may  assume  any  of  these  forms,  the  ouly  thing  constant  being 
the  crystalline  axes.  Hence  common  salt  crystallizes  both  in  the  cube  and  octohedron, 
although  most  usually  in  the  former  figure ;  and  the  magnetic  oxide  of  iron  both  in  the 
octohedron  and  rhombic  dodecahedron.  A  body  may  even  assume  several  of  these  forms 
at  the  same  time ;  that  is,  may  present  at  once  faces  of  the  cube,  octohedron,  and  dode- 
cahedron.     Of  the  octohedral  crystals,  of  alum,  for  instance,  the  solid  angles  are  always 
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found  to  be  cut  or  truncated  by  planes  which  belong  to  the  cube  of  the  same  axes  (fig.  55) ; 
and  the  edges  of  the  octohedron  in  the  same  salt  are  sometimes  removed  or  bevelled  by  the 
faces  of  the  dodecahedron  (fig.  56).     Figure  57  represents  a  combination  of  all  these  three 


Fig.  55. 


Fig.  57.  forms;  and  similar  or  even  more  complicated 

combinations  are  often  found  in  nature. 

The  groups  of  forms  thus  associated,  by  being 
deducible  from  the  same  axes,  constitute  what 
is  called  a  "  system  of  crystallization."  Six 
such  systems  ar«  enumerated  by  Weiss,  to  some 
one  of  whidi  every  crystalline  body  belongs. 

1.  The  octohedral  or  regular  system  of 
crystallization,  with  the  three  principal  axes  at 
right  angles  to  each  other,  and  equal  in  length. 
It  is  that  already  described. 

2.  The  square  prismatic,  with  the  axes  at 
right  angles,  but  two  only  of  them  equal  in 
length. 

.3.  The  right  prismatic,  with  the  axes  at  right  angles,  but  unequal  in  length. 

4.  The  rhombohedral,  with  the  axes  equal,  and  crossing  at  equal  but  not  right  angles. 

5.  The  oblique  prismatic,  with  two  of  the  axes  intersecting  each  other  obliquely,  while 
the  third  is  pcrpciulicular  to  both,  and  unequal  in  length. 

6.  The  doubly-oblique  prismatic,  with  all  three  axes  intersecting  each  other  obliquely, 
and  unequal. 

By  the  apposition  of  planes  to  these  diflferent  sets  of  ciystalline  axes,  in  the  same  modes 
as  to  the  axes  of  the  regular  system,  series  of  forms  are  j)rod«ccd,  having  a  general 
analogy  in  all  the  systems,  but  specifically  diffci-ent. 

For  additional  information  on  the  subject  of  crystallography,  which,  although  highly 
important  to  the  chemical  inquirer,  is  not  exactly  a  department  of  chemistry,  reference 
may  be  made  to  the  Essay  of  Dr.  Whewell,  in  the  Phil.  Trans,  for  1825  ;  to  an  Essay  by 
Dr.  Leeson,  in  the  jVlemoirs  of  the  Chemical  Society,  vol.  iii. ;  the  German  Elements 
of  Crystallography  of  G.  Rose ;  the  Systems  of  Crystallography  of  Professor  Miller  and 
Mr.  J.  J.  Griffin ;  and  to  a  short  work  lately  published,  entitled  "  Elements  de  Cristallo- 
graphie,  par  M.  J.  Miiller,  traduits  de  rAllemand  par  Jerome  Nickles,"  which  appears 
to  be  well  adapted  to  the  wants  of  the  chemist.  A  full  list  of  isomorphous  substances 
is  given  by  M.  Gmelin  in  his  invaluable  Ilandbvch  der  Chemio,  vol.  i.  p.  83. 
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CLASSIFICATION  OP  ELEMENTS." 


The  extent  to  wliich  the  isomorphous  relations  of  bodies  have 
been  traced,  will  appear  on  reviewing  the  groups  or  natural  families 
in  which  the  elements  may  be  arranged,  and  observing  the  links  by 
which  the  different  groups  themselves  are  connected ;  these  classes 
not  being  abruptly  separated,  but  shading  into  each  other  in  their 
characters,  like  the  classes  created  by  the  naturalist  for  the  objects 
of  the  organic  world. 

I.  Sulphur  Class. — This  class  comprises  four  elementary  bodies  : 
oxygen,  sulphur,  selenium,  tellurium.  The  three  last  of  these 
elements  exhibit  the  closest  parallelism  in  their  own  properties,  in 
the  range  of  their  affinities  for  other  bodies,  and  in  the  properties  of 
their  analogous  compounds.  They  all  form  gases  with  one  atom  of 
hydrogen,  and  powerful  acids  with  three  atoms  of  oxygen,  of  which 
the  salts,  the  sulphates,  seleniates,  and  tellurates  are  isomorphous ; 
and  the  same  relation  undoubtedly  holds  in  all  the  corresponding 
compounds  of  these  elements. 

Oxygen  has  not  yet  been  connected  with  this  group  by  a  certain 
isomorphism  of  any  of  its  compounds;  but  a  close  correspondence 
between  it  and  sulphur  appears,  in  their  compounds  with  one  class 
of  metals  being  alkaline  bases  of  similar  properties,  forming  the  two 
great  classes  of  oxygen  and  sulphur  bases,  such  as  oxide  of  potassium 
and  sulphide  of  potassium;  and  in  their  compounds  with  another 
class  of  elements  being  similar  acids,  giving  rise  to  the  great  classes 
of  oxygen  and  sulphur  acids,  such  as  arsenious  and  sulpharsenious 
acids.  They  farther  agree  in  the  analogy  of  their  compounds  with 
hydrogen,  particularly  of  binoxide  of  hydrogen  and  bisulphide  of 
hydrogen,  both  of  which  bleach,  and  are  remarkable  for  their  insta- 
bility^ and  in  the  analogy  of  the  oxide,  sulphide,  and  telluride  of 
ethyl,  and  of  alcohol  and  mercaptan,  which  last  is  an  alcohol  with  its 
oxygen  replaced  by  sulphur.  This  class  is  connected  with  the  next 
by  manganese,  of  which  manganic  acid  is  isomorphous  with  sul- 
phuric acid,  and  consequently  manganese  with  sulphur. 

TI.  Magnesian  Class. — This  class  comprises  magnesium,  calcium, 
manganese,  iron,  cobalt,  nickel,  zinc,  cadmium,  copper,  hydrogen, 
chromium,  aluminum,  glucinum,  vanadium,  zirconium,  yttrium, 
thorinum.  The  protoxides  of  this  class,  including  water,  form 
analogous  salts  with  acids.  A  hydrated  acid,  such  as  crystallized 
oxalic  acid  or  the  oxalate  of  water,  corresponding  with  the  oxalate  of 
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magnesia  in  the  number  of  atoms  of  water  with  which  it  crystallizes, 
and  the  force  with  which  the  same  number  of  atoms  is  retained  at 
high  temperatures ;  hydrated  sulphuric  acid  (HO,  SO3  +  HO)  with  the 
sulphate  of  magnesia  (MgO,  SO3  +  HO).  The  isomorphism  of  the 
salts  of  magnesia,  zinc,  cadmium,  and  the  protoxides  of  manganese, 
iron,  nickel,  and  cobalt,  is  perfect.  Water  (HO)  and  oxide  of  zinc 
(ZnO)  liave  both  been  observed  in  thin  regular  six-sided  prisms; 
but  the  isomorphism  of  these  crystals  has  not  yet  been  established 
by  the  measurement  of  the  angles.  Oxide  of  hydrogen  has  not, 
therefore,  been  shewn  to  be  isomorphous  with  these  oxides,  although 
it  greatly  resembles  oxide  of  copper  in  its  chemical  relations.  Lime 
is  not  so  closely  related  as  the  other  protoxides  of  this  group,  being 
allied  to  the  following  class.  But  its  carbonate,  both  anhydrous  and 
hydrated,  its  nitrate,  and  the  chloride  of  calcium,  assimilate  with  the 
corresponding  compounds  of  the  group;  while  to  its  sulphate  or 
gypsum,  CaO,  SO3  +  2H0,  one  parallel  and  isomorphous  compound, 
at  least,  can  be  adduced,  a  sulphate  of  iron,  TeO,  SO3  +  2HO 
(Mitscherlich),  which  is  also  sparingly  soluble  in  water,  like  gypsum. 
Glucina  is  isomorphous  with  lime  from  the  isomorphism  of  the 
minerals  euclase  and  zoisite  (Brooke). 

The  salts  of  the  sesquioxide  of  chromium,  of  alumina,  and  glucina, 
are  isomorphous  with  those  of  sesquioxide  of  iron  (Fcg  O3),  with  which 
these  oxides  correspond  in  composition ;  and  the  salts  of  manganic 
and  chromic  acids  are  isomorphous,  and  agree  with  the  sulphates. 
The  vanadiates  are  believed  to  be  isomorphous  with  the  chromates. 
Zirconium  is  placed  in  this  class,  because  its  fluoride  is  isomorphous 
with  that  of  aluminum  and  that  of  iron,  and  its  oxide  appears  to  have 
the  same  constitution  as  alumina ;  and  yttrium  and  thorium,  solely 
because  their  oxides,  supposed  to  be  protoxides,  are  classed  among 
the  earths. 

III.  Barium  Class.  —  Barium,  strontium,  lead.  The  .salts  of 
their  protoxides,  baryta,  strontia,  and  oxide  of  lead,  are  strictly 
isomorphous,  and  one  of  them  at  least,  oxide  of  lead,  is  dimorphous, 
and  assumes  the  form  of  lime,  and  the  preceding  class  in  the  mineral 
plumbocalcite,  a  carbonate  of  lead  and  lime  (Johnston).  But  certain 
carbonates  of  the  second  class  are  dimorphous,  and  enter  into  the 
present  class,  as  the  carbonate  of  lime  in  arragonite,  carbonate  of 
iron  in  junckerite,  and  carbonate  of  magnesia  procured  by  evaporating 
its  solution  in  carbonic  acid  water  to  dryness  by  the  water-bath 
(G.  Eose),  which  have  all  the  common  form  of  carbonate  of  strontia. 
Indeed,  these  two  classes  are  very  closely  related. 
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IV.  Potassium  Class. — The  fourth  class  consists  of  potassium, 
ammonium,  sodium,  silver.  The  term  ammonium  is  applied  to  a 
hypothetical  compound  of  one  atom  of  nitrogen  and  four  of  hydrogen 
(NH4),  which  is  certainly,  therefore,  not  an  elementary  body,  and 
probably  not  even  a  metal,  but  which  is  conveniently  assimilated  in 
name  to  potassium,  as  these  two  bodies  occupy  the  same  place  in  the 
two  great  classes  of  potash  and  ammonia  salts,  between  which  there 
is  the  most  complete  isomorphism.  Potassium  and  ammonium 
themselves  are,  therefore,  isomorphous.  The  sulphates  of  soda  and 
silver  are  similiform,  and  hence  also  the  metals  sodium  and  silver ; 
but  their  isomorphism  with  the  preceding  pair  is  not  so  clearly 
established.  Soda  replaces  potash  in  soda-alum,  but  the  form  of  the 
crystal  is  the  common  regular  octohedron ;  nitrate  of  potash  has  also 
been  observed  in  microscopic  crystals,  having  the  arragonitic  form  of 
nitrate  of  soda,"^  which  is  better  evidence  of  isomorphism,  although 
not  beyond  cavil,  as  the  crystals  were  not  measured.  There  are  also 
grounds  for  believing  that  potash  replaces  soda  in  equivalent  quantities 
in  the  mineral  chabasite,  without  change  of  form.  The  probable 
conclusion  is,  that  potash  and  soda  are  isomorphous,  but  that  tliis 
relation  is  concealed  by  dimorphism,  except  in  a  very  few  of  their 
salts. 

This  class  is  connected  in  an  interesting  way  with  the  other  classes 
through  the  second.  The  subsulphide  of  copper  and  the  sulphide 
of  silver  appear  to  be  isomorphous,t  although  two  atoms  of  copper 
are  combined  in  the  one  sulphide,  and  one  atom  of  silver  m  the  other, 
with  one  atom  of  sulphur  ,•  their  formulae  being — 

Cug  S  and  Ag  S. 

Are  then  two  atoms  of  copper  isomorphous  with,  one  atom  of  silver  ? 
In  the  present  state  of  our  knowledge  of  isomorphism,  it  appears 
necessary  to  admit  that  they  are. 

The  fourth  class  will  thus  stand  apart  from  the  second,  which  is 
represented  by  copper,  and  also  from  the  other  classes  connected  with 
the  second,  in  so  far  as  one  atom  of  the  present  class  is  equivalent 
to  two  atoms  of  the  other  classes  in  the  production  of  the  same 
crystalline  form.  This  discrepancy  may  be  at  once  removed  by 
halving  the  atomic  weight  of  silver,  and  thus  making  both  sulphides 

*  Frankenheim,  in  PoggendorflF's  Jmw/en,  vol.  xl.  page  447.  See  also  a  paper  by 
Professor  Johnston  on  the  received  equivalents  of  potash,  soda,  and  silver ;  Phil.  Mm^ 
third  series,  vol.  xii.  p.  324. 

t  See  sulphide  of  silver,  under  silver,  in  this  work. 
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to  contain  two  atoms  of  metal  to  one  of  sulphur.  But  the  division 
of  the  equivalents  of  sodium,  potassium,  and  ammonium,  which  would 
follow  that  of  silver,  and  the  consideration  of  potash  and  soda  as 
suboxides,  are  assumptions  not  to  be  lightly  entertained. 

It  was  inferred  by  M.  Mosander,  that  lime  with  an  atom  of  water 
is  isomorphous  with  potash  and  soda,  because  CaO  +  HO  appears  to 
replace  KO  or  NaO  in  mesotype,  chabasite,  and  other  minerals  of  the 
zeolite  family.  The  isomorphism  of  natrolite  and  scolezite  is  so  ex- 
plained :  NaO,  AI2  O3,  aSiOg,  2H0  with  CaO,  AI2  O3,  aSiOg,  3H0. 
On  the  other  hand,  it  is  strongly  argued  by  M.  T.  Scheerer,  that 
one  equivalent  of  magnesia  is  isomorphous  with  tlu:ee  equivalents  of 
water,  from  the  equality  of  the  forms  of  cordierite  and  a  new  mineral 
aspasiolite,  the  first  containing  MgO,  and  the  second  3 HO  in  its 
place;  and  from  a  review  of  a  considerable  number  of  alumino- 
raagnesian  minerals.  One  equivalent  of  oxide  of  copper,  however, 
is  supposed  to  be  replaced  by  two  equivalents  of  water."^ 

V.  Chlorine  Class. — CUorine,  iodine,  bromine,  fluorine.  These 
four  elements  form  a  well-defined  natural  family.  The  three  first 
are  isomorphous  throughout  their  whole  combinations — chlorides 
with  bromides  and  iodides,  chlorates  with  bromates  and  iodates, 
perchlorates  with  periodates,  &:c. ;  and  such  fluorides  also  as  can 
be  compared  with  chlorides  appear  to  affect  the  same  forms.  The 
fluoride  of  calcium  of  apatite,  CaP,  3(.3CaO,  PO5),  is  also  replaced 
by  the  chloride  of  calcium.  It  is  connected  with  the  second  class 
tlirough  perchloric  acid ;  the  perchlorates  being  strictly  isomorphous 
with  the  permanganates.     But  the  formulae  of  these  two  acids  are — 

CI  O7  and  Mn2  O7, 

one  atom  of  chlorine  replacing  tw<5  atoms  of  manganese.  Or,  this 
class  has  the  same  isomorphous  relation  as  the  preceding  class  to 
the  others  :  and  such  I  sliall  assume  to  be  its  true  relation.  Although 
halving  the  atomic  weight  of  chlorine,  which  would  give  two  atoms 
of  clilorine  to  perchloric  acid,  is  not  an  improbable  supposition, 
still  it  would  lead  to  the  same  strange  conclusion  as  follows  the 
division  of  the  equivalent  of  sodium, — namely,  that  chlorine  enters 
into  its  other  compounds,  as  well  as  into  permanganic  acid,  always 
in  the  proportion  of  two  atoms  ;  for  that  element  is  never  known  to 
combine  in  a  less  proportion  than  is  expressed  by  its  presently  re- 

*  PoggcndorfF's  Jm/oMi  der  Thysik  mid  Chcmie,  t.  Ixviii.  p.  319.  Also,  Millon  and 
Reiset's  Amiuaire  de  Chimie,  1847,  8vo.  Paris,  pp.  52  and  234. 
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ceived  equivalent.  Cyanogen  (C2  N),  although  a  compound  body, 
has  some  claim  to  enter  this  class,  as  the  cyanides  have  the  same 
fonn  as  the  chlorides. 

VI.  Phosjjhorus  Class. — ^Nitrogen,  phosphorus,  arsenic,  antimony, 
and  bismuth ;  also  composing  a  well-marked  natural  group,  of  which 
nitrogen  and  bismuth  are  the  two  extremes,  and  of  which  the  analo- 
gous compounds  exhibit  isomorphism.  These  five  elements  all  form 
gaseous  compounds  with  three  atoms  of  hydrogen  ;  namely,  ammonia, 
phosphuretted  hydrogen,  arsenietted  hydrogen,  &c.  The  hydriodates 
of  ammonia  and  of  phosphuretted  hydrogen  are  not,  however, 
isomorphous.  Arsenious  acid  and  the  oxide  of  antimony,  both  of 
which  contain  three  atoms  of  oxygen  to  one  of  metal,  are  doubly 
isomorphous.  Arsenious  a<;id  also  is  capable  of  replacing  oxide  of 
antimony  in  tartrate  of  antimony  and  potash  or  tartar  emetic,  without 
change  of  form ;  and  arsenic  often  substitutes  antimony  in  its  native 
sulphide.  The  native  sulphide  of  bismuth  (Bi  S3)  is  also  isomorphous 
with  the  sulphide  of  antimony  {Sb  S3).  Nitrous  acid  (NO3),  which 
should  correspond  with  arsenious  acid  and  oxide  of  antimony,  hkewise 
acts  occasionally  as  a  base,  as  in  the  crystalline  compound  with  sul- 
phuric acid  of  the  leaden  chambers.  The  complete  isomorphism  of 
the  arseniates  and  phosphates  has  already  been  noticed.  But  phos- 
phoric acid  forms  two  other  classes  of  salts,  the  pyrophosphates 
and  metaphosphates,  to  which  arsenic  acid  supplies  no  parallels. 

This  class  of  elements  is  connected  with  the  others  by  means  of 
the  following  links : — Bisulpliide  of  iron  is  usually  cubic,  or  of  the 
regular  system;  but  it  is  dimorphous,  and,  in  spirkise,  it  passes 
into  another  system,  and  has  the  form  of  arsenide  of  iron ;  Fe  Sg,  or 
rather  Yq^  S4,  being  isomorphous  with  Pe2  As  Sg.  Again,  bisulphide 
of  iron,  in  the  pentagonal-dodecahedron  of  the  regular  system,  is 
isomorphous  with  cobalt-glance,  Fe.2  S4  with  C02  As  83 :  so  that  one 
equivalent  of  arsenic  appears  to  be  isomorphous  with  2S.  This  is 
also  supported  by  the  isomorphism  of  the  sulphide  of  cadmimn  and 
sulphide  of  nickel  (Cd  S  and  Ni  S,  or  Cd2  85  and  Ni2  S2),  with 
the  arsenide  of  nickel  (Nig  As).  Tellurium  has  also  been  observed 
in  the  same  form  as  metallic  arsenic  and  antimony.  The  phosphorus 
class  approximates  also  to  the  chlorine  class ;  nitrogen  and  chlorine 
both  forming  a  powerful  acid  with  five  equivalents  of  oxygen,  nitric 
acid,  and  chloric  acid ;  but  of  the  many  nitrates  and  chlorates  which 
can  be  compared,  no  two  have  proved  isomorphous.  Nor  do  the 
metaphosphates  appear  at  all  like  the  nitrates,  although  their  formulae 
correspond. 
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Nitrogen^  it  must  be  admitted,  is  but  loosely  attached  to  this  class. 
It  is  greatly  more  negative  than  the  other  members  of  the  class, 
approaching  oxygen  in  that  character,  with  which,  indeed,  nitrogen 
might  be  grouped,  N  being  equivalent  to  20.  For  while  phos- 
phuretted  hydrogen  is  the  hydride  of  phosphorus,  or  has  hydrogen 
for  its  negative  and  phosphorus  for  its  positive  constituent,  ammonia 
is  undoubtedly  the  nitride  of  hydrogen,  or  has  nitrogen  for  its  nega- 
tive and  hydrogen  for  its  positive  constituent.  The  one  should  be 
written  PH3,  and  the  other  H3  N — a  difference  in  constitution  which 
separates  these  bodies  very  widely.  An  important  consequence  of 
classing  nitrogen  with  oxygen  is,  that,  in  the  respective  series  of 
compounds  of  these  elements,  cyanogen  becomes  the  analogue  of 
carbonic  oxide,  C^  N  being  equivalent  to  CO,  or  rather  C2  Og. 

VII.  Tin  Class. — Tin,  titanium.  Connected  by  the  isomorpliisra 
of  titanic  acid  (Ti  O2)  in  rutile  with  peroxide  of  tin  (Sn  Og)  in  tin- 
stone. Titanium  is  connected  with  iron  and  the  second  class. 
Ilmenite  and  other  varieties  of  titanic  iron  which  have  the  crystalline 
form  of  the  sesquioxide  of  that  metal, — namely,  that  of  specular 
iron,  and  also  of  corundum  (alumina), — are  mixtures  of  a  sesqui- 
oxide of  titanium  (Tig  O3)  with  sesquioxide  of  iron  (H.  Eose). 

YIII.  Gold  Class. — Gold,  which  is  isomorphous  with  silver  in 
the 'metallic  state.  Gold  will  thus  be  connected,  through  silver, 
with  sodium  and  the  fourth  class. 

IX.  Plati?ium  Class. — Platinum,  iridium,  osmium.  Trom  the 
isomorphism  of  their  double  chlorides.  The  double  bichloride  of  tin 
and  cliloride  of  potassium  crystallizes  in  regular  octohedrons,  like 
the  double  bichloride  of  platinum  and  potassium,  and  other  double 
chlorides  of  this  group  ;  which,  although  not  alone  suihcient  to 
estabhsh  an  isomorphous  relation  between  this  class  and  the  seventh, 
yet  favours  its  existence  (Dr.  Clark).  The  alloy  of  osmium  and 
iridium  (Ir  Os)  is  isomorphous  with  the  sulphide  of  cadmium  (Cd  S) 
and  sulphide  of  nickel  (Ni  S)   (Breithaupt). 

X.  Tungsten  Class. — Tungsten,  molybdenum,  tantalum,  niobium, 
and  pelopium.  From  the  isomorphism  of  the  tungstates  and  molyb- 
dates,  the  salts  of  tungstic  and  molybdic  acids,  WO3  and  M0O3.  Tan- 
talic  acid  is  isomorphous  with  tungstic  acid :  tantalite  (FeO,  TaOg) 
with  wolfram  (FeO,  WO3).  So  are  molybdic  and  chromic  acids, 
the  tungstate  of  lime,  tungstate  of  lead,  molybdate  of  lead,  and 
chromate  of  lead  (in  the  least  usual  of  its  two  forms),  being  all  of  the 
same  form.     This  establishes  a  relation  between  molybdic,  cliromic. 
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sulphuric,  and  other  analogous  acids."^  Niobium  and  pelopium  are 
introduced  into  this  class  as  they  replace  tantalum  in  the  tantalites  of 
Bavaria. 

XI.  Carbon  Class — Carbon,  boron,  silicium.  These  elements 
are  placed  together,  from  a  general  resemblance  wliich  they  exhibit 
without  any  precise  relation.  They  are  not  known  to  be  isomorphous 
among  themselves,  or  with  any  other  element.  They  are  non-metallic, 
and  form  w^eak  acids  with  oxygen, — the  carbonic;,  consisting  of  two 
of  oxygen  and  one  of  carbon,  and  the  boric  and  silicic  acids,  which 
are  generally  viewed  as  composed  of  three  of  oxygen  to  one  of  boron 
and  silicium.  SiKcic  acid  may,  perhaps,,  replace  alumina  in  some 
minerals,  but  this  is  uncertain. 

Of  the  elements  which  have  not  been  classed,  no  isomorphous 
relations  are  known.  They  are  mercury,  Avhich  in  some  of  its  che- 
mical properties  is  analogous  to  silver,  and  in  others  to  copper, 
cerium,  didymium,  lanthanum,  lithium,  rhodium,  ruthenium,  pal- 
ladium, and  uranium.  Ruthenium,  however,  is  believed  to  be 
isomorphous  with  rhodium,  from  the  correspondence  in  composition 
of  their  double  chlorides.  Didymium  and  lanthanum  are  also 
probably  isomorphous  with  cerium,  as  they  appear  to  replace  that 
metal  in  cerite. 

According  to  the  original  law  of  Mitscherlich,  that  isomorphism 
depends  upon  equality  in  the  number  of  atoms,  and  similarity  in 
their  arrangement,  without  reference  to  their  nature,  the  elements 
themselves  should  all  be  isomorphous.  Most  of  the  metals  crystal- 
lize in  the  simple  forms  of  the  cube  or  regular  octohedron,  which  are 
not  sufficient  to  establish  this  relation.  But  the  isomorphism  of  a 
large  proportion,  if  not  the  whole,  of  the  elements  may  be  inferred 
from  the  isomorphism  of  their  analogous  compounds.  Thus  from  the 
facts  just  adduced,  it  appears  that  the  members  of  the  following  large 
class  of  elements  are  linked  together  from  the  isomorphism  of  one 
or  more  of  their  compounds.  This  large  class  may  be  subdivided  into 
smaller  classes,  between  the  members  of  which  isomorphism  is  of 
more  frequent  occurrence,  and  which  are  then  to  be  viewed  as  isomor- 
phous groups. 

*  Johnston,  Phil.  Mag.  3d  series,  vol.  xii.  p.  387. 
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1.  Sulphur. 
Selenium. 
Tellurium. 

2.  Magnesium. 
Calcium. 
Manganese. 
Iron. 
Cobalt. 
Nickel. 
Zinc. 

Cadmium. 
Copper. 
Chromium. 
Aluminum. 
Glucinum. 
Vanadium. 
Zirconium. 
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3.  Barium. 

Strontium. 
Lead. 


4.  Tiu. 
Titanium. 


5.  Platinum. 
Iridium. 
Osmium. 


Tungsten. 

Molybdenum. 

Tantalum. 


With  two  atoms  of  the 
preceding  elements. 

7.  Sodium. 

Silver. 

Gold. 

Potassium. 

Ammoniuvt. 

8.  Chlorine. 

Iodine. 

Bromine. 

Muorine. 

Cyanogen. 

9.  Phosphorus. 
Arsenic. 

Antimony. 
Bismuth. 

The  tendency  of  discovery  is  to  bring  all  the  elements  into  one  class, 
either  as  isomorphous  atom  to  atom,  or  with  the  relation  to  the 
others  which  sodium,  chlorine,  and  arsenic  exhibit. 

But  must  not  isomorphism  be  impKcitly  relied  upon  in  estimating 
atomic  weights,  and  the  alterations  which  it  suggests  be  adopted 
without  hesitation  in  every  case  ?  Chemists  have  always  been  most 
anxious  to  possess  a  simple  physical  character  by  which  atoms  might 
be  recognised;  and  equality  of  volume  in  the  gaseous  state,  equality 
of  specific  heat,  and  similarity  in  crystalline  form,  have  all  in  their 
turn  been  upheld  as  affording  a  certain  criterion.  The  indications  of 
isomorphism  certainly  accord  much  better  than  those  of  the  other 
two  criteria  with  views  of  the  constitution  of  bodies  derived  from 
considerations  purely  chemical,  and  are  indeed  invaluable  in  establish- 
ing analogy  of  composition  in  a  class  of  bodies,  by  supplying  a  pre- 
cise character  which  can  be  expressed  in  numbers,  instead  of  that 
general  and  ill-defined  resemblance  between  allied  bodies,  which 
chemists  perceived  by  an  acquired  tact  rather  than  by  any  rule,  and 
which  was  heretofore  their  only  guide  in  classification.  Admitting 
that  isomorphism  is  a  certain  proof  of  similarity  of  atomic  constitu- 
tion within  a  class  of  elements  and  their  compounds,  it  may  still 
be  doubted  whether  the  relation  of  the  atom  to  crystalline  form 
is  the  same  without  modification  throughout  the  whole  series  of  the 
elements,  or  whether  all  atoms  agree  exactly  in  this  or  any  other  phy- 
sical character. 
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Crystalline  form  and  the  isomorphous  relation  may  prove  not  to 
be  a  reflection  of  atomic  constitution,  or  immediately  and  necessarily 
connected  with  it_,  but  to  arise  from  some  secondary  property  of 
bodies^  such  as  their  relation  to  heat ;  in  which  a  simple  atom  may 
occasionally  resemble  a  compound  body,  as  we  find  sulphur  isomor- 
phous in  one  of  its  forms  with  bisulphate  of  potash;  while  we 
find  another  simple  atom,  potassium,  isomorphous  through  a  long 
series  of  compounds  with  the  group  of  five  atoms  which  consti- 
tute ammonium.  The  occurrence  of  dimoq^hism  also,  both  in 
simple  and  compound  bodies,  gives  to  crystalhne  form  a  less  fun- 
damental character. 

Is  it  probable  that  sulphur  and  carbonate  of  lime  could  be  made 
to  appear  in  sets  of  crystals  which  are  wholly  unlike,  merely  by  a 
slight  change  of  temperature,  if  form  were  the  consequence  of  an 
invariable  atomic  constitution  ?  Crystalhne  form,  then,  may  possibly 
depend  upon  some  at  present  unknown  property  of  bodies,  which  may 
have  a  frequent  and  general,  but  certainly  not  an  invariable  relation  to 
their  atomic  constitution.  There  may  be  notliing  truly  inconsistent 
with  the  principles  of  isomorphism  in  one  atom  of  a  certain  class  of 
elements  having  the  same  crystallographic  value  as  two  atoms  of 
another  class,  the  relation  which  has  been  assumed  to  exist  between 
the  sodium,  chlorine,  and  phosphorus  classes,  and  the  others,  particu- 
larly when  the  classes  stand  apart,  and  differ  in  their  properties  from 
all  the  others,  as  those  of  sodium  and  clilorine  do. 
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Many  solid,  and  a  few  liquid,  bodies  admit  of  a  variation  of 
properties,  and  may  present  different  appearances  at  the  same  tem- 
perature. 

Dimorpliism,  or  the  assumption  of  two  incompatible  crystalline 
forms  by  the  same  body,  in  different  circumstances,  has  already  been 
noticed  as  occurring  with  sulphur,  carbon,  carbonates  of  lime  and 
lead,  bisulphate  of  potash,  and  clu-omate  of  lead.  It  is  also  ob- 
served in  the  biphosphate  of  soda,  and  in  a  considerable  number 
of  minerals.  The  sulphate  of  nickel  (NiO,  SO3  +  7 HO)  is 
trimorphous ;  the  other  salts  of  similar  composition,  such  as  sul- 
phate of  magnesia  and  sulphate  of  zinc,  liave  been  found  in  two 
only  of  these  forms.     Dimorphous  crystals  may  differ  in  density, 
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the  densities  of  calc-spar  and  arragonite,  the  forms  of  carbonate  of 
lime  being  2.719  and  2.949,  and  indeed  aU  resemblance  in  properties 
between  the  crystals  may  be  lost,  as  in  diamond  and  graphite,  tbe 
two  forms  of  carbon.  The  particular  form  assumed  by  sulphur  and 
carbonate  of  lime,  which  may  be  made  to  crystallize  in  cither  of  tlieir 
forms  at  will,  is  found  to  depend  upon  the  degree  of  temperature  at 
which  the  solid  is  produced;  carbonate  of  lime  being  precipitated,  on 
adding  chloride  of  calcium  to  carbonate  of  ammonia,  in  a  powder,  of 
which  the  grains  have  the  form  of  calc-spar  or  of  arragonite,  accord- 
ing as  the  temperature  of  the  solution  is  50°  or  150°.^  A  large 
crystal  of  arragonite,  when  heated  by  a  spirit-lamp,  decrepitates,  and 
falls  into  a  powder  composed  of  grains  of  calc-spar.  Native  car- 
bonate of  iron  is  isodimorphous  with  carbonate  of  lime ;  as  spathic 
iron  its  speciiic  gravity  is  3.872,  as  junckerite  3.8]  5.  The  crystals 
of  sulphur  produced  at  the  higher  of  two  temperatures  become 
opaque  when  kept  for  some  days  in  the  air,  and  pass  spontaneously 
into  the  other  form ;  while  the  crystals  produced  at  the  lower  tem- 
perature are  disintegrated  and  changed  into  the  other  form  by  a 
moderate  heat.  These  observations  are  important,  as  establishing  a 
relation  between  dimorphism  and  solidification  at  different  tem- 
peratures. 

A  considerable  variation  of  properties  is  likewise  often  observable 
in  a  solid  which  is  not  crystalline,  or  of  which  the  crystalline  form 
is  indeterminate.  This  fact  has  been  designated  allatropy  by 
Berzelius  (from  aWorpoTroc,  of  a  different  nature)  :  dimorphism,  or 
diversity  in  crystalline  form,  is,  therefore,  a  particular  case  of  alla- 
tropy.  Sulphide  of  mercury  obtained  by  precipitating  corrosive 
sublimate  by  hydrosulphuric  acid,  is  black  ;  but  the  same  body,  when 
sublimed  by  heat,  or  produced  by  agitating  mercury  in  a  solution  of 
the  persulphide  of  potassium,  forms  cinnabar,  of  which  the  powder 
is  the  red  pigment  vermilion ;  while  vermilion  itself,  if  heated  till 
sulphur  begins  to  sublime  from  it,  and  then  suddenly  thrown  into 
cold  water,  becomes  black ;  altliough,  if  allowed  to  cool  slowly,  it 
remains  red.  Yet  it  is  of  the  same  composition  exactly  in  the  black 
and  red  states.  The  iodide  of  mercury  newly  sublimed  is  of  a  lively 
yellow  colour,  and  may  remain  so  for  a  long  time;  but  it  generally 
begins  to  pass  into  a  fine  scarlet  on  cooling,  and  may  be  made  to 
undergo  this  change  of  colour  in  an  instant  by  strongly  pressing  it : 
these,  however,  are  two  different  crystalline  forms.     The  precipitated 

*  G.  Rose,  Phil.  Mag.  3cl  series,  vol.  xii.  p.  465. 
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sulphide  of  antimony  may  be  deprived  of  the  water  it  contains^  at 
the  melting  point  of  tin,  without  losing  its  peculiar  orange  colour ; 
but,  when  heated  a  Httle  above  that  temperature,  it  shrinks,  and 
assumes  the  black  colour'  and  metalhc  lustre  of  the  native  sulphide, 
without  any  loss  of  weight.  Again,  the  black  sulpliide,  when  heated 
strongly  and  tlu-own  into  water,  loses  its  metallic  lustre,  and  acquires 
a  good  deal  of  the  appearance  of  the  precipitated  sulphide.  Chromate 
of  lead,  wliich  is  usually  yeUow,  if  fused  and  thrown  into  cold  water, 
gives  a  red  powder.  The  nitrates  of  lead  are  sometimes  white,  and 
sometimes  yeUow ;  and  crystals  of  sulphate  of  manganese  are  often 
deposited  from  the  same  solution,  some  of  which  are  pink,  and  others 
colourless,  although  identical  in  composition. 

Such  differences  of  colour  are  permanent,  and  not  to  be  con- 
founded with  changes  which  are  peculiar  to  certain  temperatures  : 
thus  oxide  of  zinc  is  of  a  lemon-yellow  colour,  when  strongly  heated, 
but  milk-white  at  a  low  temperature ;  the  oxide  of  mercury  is  much 
redder  at  a  high  than  at  a  low  temperature,  and  bicliromate  of 
potash,  which  is  naturally  red,  becomes  almost  black  when  fused 
by  heat.  Even  bodies  in  the  gaseous  state  are  liable  to  transient 
changes  of  tliis  kind,  the  brown  nitrous  fumes  being  nearly  colourless 
below  zero,  and  on  the  other  hand  deepening  greatly  in  colour  at  a 
high  temperature. 

The  condition  of  glass  is  a  remarkable  modification  of  the  solid 
form  assumed  by  many  bodies.  Matter  in  tliis  state  is  not 
crystallized,  and  on  breaking,  presents  curved  and  not  plain  sur- 
faces, or  its  fracture,  in  mineralogical  language,  is  conchoidal,  and 
not  sparry.  The  indisposition  to  crystallize,  which  causes  soHdifica- 
tion  in  the  form  of  glass,  is  more  remarkable  in  some  bodies,  such 
as  phosphoric  and  boracic  acids,  and  their  compounds,  than  in  others. 
The  biphosphate  and  binarseniate  of  soda  have  the  closest  resemblance 
in  properties,  yet  when  both  are  fused  by  a  lamp,  the  first  solidifies 
on  cooling  into  a  transparent  colourless  glass,  and  the  second  into  a 
white  opaque  mass  composed  of  interlaced  crystalline  fibres.  The 
phosphate  at  the  same  time  discharges  sensibly  less  heat  than  the 
arseniate  in  solidifying,  retaining  probably  a  portion  of  its  heat  of 
fluidity,  or  latent  heat  in  a  state  of  combination,  while  a  glass. 
None  of  the  compounds  of  sihcic  acid  and  a  single  base,  such  as 
soda  or  lime,  or  simple  silicate,  becomes  a  glass  on  coohng  from  a 
state  of  fusion,  with  the  exception  of  the  silicate  of  lead  containing  a 
great  excess  of  oxide  :  they  all  crystaUize.  But  a  mixture  of  the 
same  silicates,  when  fused,  exhibits  a  peculiar  viscosity  or  tenacity. 
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appears  to  have  lost  the  faculty  of  crystallizing,  and  constantly  forms 
a  glass.  The  varieties  of  glass  in  common  use  are  all  such  mixtures 
of  silicates.  Glass  is  sometimes  devitrified  when  kept  soft  by  heat 
for  a  long  time,  owing  to  the  separation  of  the  silicates  from  each 
other,  and  their  crystallization ;  and  the  less  mixed  glasses  are  known 
to  be  most  liable  to  this  change.  It  is  probable  that  all  bodies  differ, 
when  in  the  vitreous  and  in  the  crystalline  form,  in  the  proportion  of 
combined  heat  which  they  possess,  as  has  been  observed  of  melted 
sugar  (page  45)  in  these  two  conditions. 

Arsenious  acid,  when  fused  or  newly  sublimed,  appears  as  a 
transparent  glass  of  a  light  yellow  tint ;  but  left  to  itself,  it  slowly 
becomes  opaque  and  milk  white,  the  change  commencing  at  the 
surface  and  advancing  to  the  centre,  and  often  requiring  years  to 
complete  it,  in  a  considerable  mass.  The  arsenious  acid  is  no  longer 
vitreous,  being  changed  into  a  multitude  of  little  crystals,  whence 
results  its  opacity ;  and  it  has  altered  slightly  at  the  same  time  in 
density  and  in  solubility.  But  the  passage  from  the  vitreous  to  the 
crystalline  state  may  take  place  instantaneously,  and  give  rise  to  an 
interesting  phenomenon  observed  by  H.  Eose.  The  vitreous 
arsenious  acid  seems  to  dissolve  in  dilute  and  boiling  hydrochloric 
acid  without  change,  but  the  solution  on  cooling  deposits  crystals 
which  are  of  the  opaque  acid,  and  a  flash  of  light,  which  may  be 
perceived  in  the  dark,  is  emitted  in  the  formation  of  each  crystal. 
This  phenomenon  depends  upon  and  indicates  the  transition,  for  it 
does  not  occur  when  arsenious  acid  already  opaque  is  substituted 
for  vitreous  acid,  and  dissolved  and  allowed  to  crystallize  in  the 
same  manner. 

A  still  greater  change  than  those  described,  is  induced  upon 
certain  bodies  by  exposure  to  a  high  temperature,  without  any 
corresponding  change  in  their  composition.  Several  metallic  per- 
oxides, such  as  alumina,  sesquioxide  of  chromium  and  binoxide  of 
tin,  cease  to  be  soluble  in  acids  after  being  heated  to  redness.  The 
same  is  true  of  a  variety  of  salts,  such  as  many  phosphates,  tungstates, 
antimoniates,  and  silicates.  Many  of  these  bodies  contain  water  in 
combination,  when  most  readily  dissolved  by  acids,  which  constituent 
is  dissipated  at  a  high  temperature,  but  in  general  before  the  loss  of 
solubility  occurs,  so  that  the  contained  water  alone  is  not  the  cause 
of  the  solubility.  Berzelius  remarked  an  appearance  often  observable 
when  such  bodies  are  under  the  influence  of  heat,  and  in  the  act  of 
passing  from  the  soluble  to  the  insoluble  state.  They  suddenly  glow 
or  become  luminous,  rising  in   temperature  above  the  containing 


180  ALLATROPY. 

vessel,  from  a  discliarge  of  heat.  The  rare  mineral  gadolinite,  which 
is  a  silicate  of  yttria,  affords  a  beautful  example  of  this  change. 
When  heated  it  appears  to  burn,  emits  hght,  and  becomes  yellow, 
but  undergoes  no  change  in  weight,  fluorspar,  and  many  other 
crystalHne  substances,  exhibit  a  feeble  phospliorescence  when 
heated,  which  has  no  relation  to  this  change,  and  is  to  be  distin- 
guished from  it. 

The  circumstance  most  certain  respecting  this  change  in  bodies, 
which  affects  so  deeply  their  chemical  properties,  is  that  the  bodies 
do  not  contain  a  quantity  of  heat,  after  the  change,  which  they  must 
have  possessed  before  its  occurrence  in  a  combined  or  latent  form. 
No  ponderable  constituent  is  lost,  but  there  is  this  loss  of  heat.  A 
change  of  arrangement  of  the  particles,  it  is  true,  must  occur  at  the 
same  time  in  some  of  these  bodies,  such  as  is  observed  when  sulphite 
of  soda  is  converted  by  heat  into  a  mixture  of  sulphate  of  soda  and 
sulphuret  of  sodium,  without  change  of  wght ;  but  it  would  be 
difficult  to  apply  an  explanation  of  this  nature  to  oxides,  such  as 
alumina  and  binoxide  of  tin,  which  contain  only  two  constituents, 
and  still  more  so  to  an  element  such  as  carbon.  The  loss  of  heat 
observed  will  afford  all  the  explanation  necessary,  if  heat  be  admitted 
as  a  constituent  of  bodies  equally  essential  as  their  ponderable 
elements.  As  the  oxide  of  chromium  possesses  more  combined  heat 
when  in  the  soluble  than  in  the  insoluble  state,  the  first  may  justly 
be  viewed  as  the  higher  caloride,  and  the  body  in  question  may  have 
different  proportions  of  this  as  well  as  of  any  other  constituent.  But 
it  is  to  be  regretted  that  our  knowledge  respecting  heat  as  a  con- 
stituent of  bodies  is  extremely  limited;  the  definite  proportion  in 
which  it  enters  into  ice  and  other  soHds  in  melting,  and  into  steam 
and  vapours,  has  been  studied,  and  also  the  proportion  emitted  during 
the  combustion  of  many  bodies,  which  has  likewise  proved  to  be 
definite.  But  the  influence  which  its  addition  or  subtraction  may 
have  on  the  chemical  properties  of  a  body  is  at  present  entirely  matter 
of  conjecture.  The  phenomena  under  consideration  seem  to  require 
the  admission  of  heat  as  a  true  constituent  which  can  modify  the 
properties  of  bodies  very  considerably ;  otherwise  a  great  physical  law 
must  be  abandoned,  namely,  that  "  no  change  of  properties  can  occur 
without  a  change  of  composition.''  But  if  heat  be  once  admitted 
as  a  chemical  constituent  of  bodies,  then  a  solution  of  the  present 
difficulties  may  be  looked  for,  for  nothing  is  more  certain  than  that 
"  a  change  in  composition  will  account  for  any  change  in  properties." 
Heat  thus  combined  in  definite  proportions  with  bodies,  and  viewed 
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as  a  constituent,  must  not  be  confounded  with  the  specific  heat  of 
the  same  bodies,  or  their  capacity  for  sensible  heat,  which  may  have 
no  relation  to  their  combined  heat. 
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In  such  changes  of  properties  as  have  already  been  described,  the 
individuahty  of  the  body  is  never  lost.  But  numerous  instances 
have  presented  themselves  of  two  or  more  bodies  possessing  the  same 
composition,  which  are  unquestionably  different  substances,  and  not 
mutually  convertible  into  each  other.  Different  bodies  thus  agreeing 
in  composition,  but  differing  in  properties,  are  said  to  be  isomeric, 
(from  /foc,  equal,  and  i^^^o^,  part),  and  their  relation  is  termed  iso- 
merism. The  discovery  of  such  bodies  excited  much  interest,  and 
they  have  received  a  considerable  share  of  the  attention  of  chemists. 
But  the  result  of  a  careful  study  of  tl\e  bodies  associated  by  simi- 
larity of  composition,  though  differing  in  properties,  has  been  upon 
the  whole  unfavourable  to  the  doctrine  of  isomerism.  Isomeric 
bodies  have  in  general  been  proved  by  the  progress  of  discovery  to 
agree  in  the  relative  proportion  of  their  constituents  only,  and  to 
differ  either  in  the  aggregate  number  of  the  atoms  composing  them, 
or  in  the  mode  of  arrangement  of  these  atoms ;  and  although  new 
cases  of  isomerism  are  constantly  arising,  others  are  removed  as  they 
come  to  admit  of  explanation.  This  is  what  was  to  be  expected^ 
for  isomerism  in  the  abstract  is  improbable ;  a  difference  in  properties 
between  bodies,  without  a  difference  in  their  composition,  appearing 
to  be  an  effect  without  a  sufficient  cause.  Hence,  the  term  isomerism 
is  now  generally  employed  in  a  limited  sense,  to  indicate  simply  the 
identity  in  composition  of  two  or  more  bodies  as  expressed  in  the 
proportion  of  their  constituents  in  100  parts.  Several  classes  of 
such  isomeric  bodies  may  be  formed. 

The  members  of  the  most  numerous  class  of  isomeric  bodies  differ 
in  atomic  weight.  Thus  we  know  at  present  three  gases,  three  or 
four  liquids,  and  as  many  solids,  which  all  consist  exactly  of  carbon 
and  hydrogen,  in  the  proportion  of  one  atom  to  one  atom,  or,  in 
weight,  of  86  parts  of  carbon  and  14  of  hydrogen,  very  nearly.  These 
bodies  agree  in  ultimate  composition,  but  differ  completely  in  every 
other  respect.  But  a  representation  of  their  chemical  constitution 
explains  at  once  the  cause  of  the  differences  they  present,  as  is  obvious 
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ill  the  following  formulse  of  four  well  characterized  members  of  this 
isomeric  group  :  — 

Equivalents  and  comLining  measure. 

Olefiant  gas  .  .  .  C4   H4   or  4  volumes. 

Gas  from  oil  .  .  .  Cg   Hg   or  4  volumes. 

Naphthene .  .  .  .  Cig  R^q  or  4  volumes. 

Cetene        .  .  .  .  C32  H32  or  4  volumes. 

It  thus  appears  that  the  atom  of  cetene  contains  twice  as  many  atoms 
of  carbon  and  hydrogen  as  the  atom  of  naphthene,  four  times  as 
many  as  the  atom  of  the  gas  from  oil,  and  eight  times  as  many  us 
the  atom  of  olefiant  gas;  while  as  the  atom  of  all  these  bodies 
affords  the  same  measure  of  vapour,  or  four  volumes,  they  must  differ 
as  much  in  density  as  they  do  in  the  number  of  their  constituent 
atoms.  It  is  not  surprising,  therefore,  that  they  all  possess  different 
and  peculiar  properties.  Several  groups  of  bodies  might  be  selected 
from  the  Table  at  page  149,  which  have  a  similar  relation  to  each 
other,  the  nmnber  of  their  atoms  being  different,  although  their 
relative  proportion  is  the  same  :  such  as — 

Oil  of  lemons  .         .         .  C^q  Hg 

Oil  of  turpentine     .         .         .  C20  H^g 

and, 

Naphthaline  ....  C20  Hg 

Paranaphthaline      .         .         .  C30  H12 

A  still  more  remarkable  case  is  presented  by  alcohol  and  the  ether 
from  wood-spirit,  in  which  there  is  identity  of  condensation  as  well  as 
of  composition,  with  different  equivalents.  The  vapours  of  these  two 
liquids  have  in  fact  the  same  specific  gravity,  and  contain,  under  equal 
volumes,  equal  quantities  of  carbon,  hydrogen,  and  oxygen.  But  we 
know  that  they  are  of  a  different  type,  alcohol  being  the  hydrated 
oxide  of  ethyl,  and  ether  of  wood-spirit  the  oxide  of  methyl,  so  that 
their  constitution  and  rational  formulse  are  quite  different : — 

Alcohol        .         .         .         C4  H5  0  +  HO. 
Ether  of  wood-spirit       .        Cg  H3  O. 

In  another  class  of  isomeric  bodies,  the  atomic  weight  may  be 
equal,  as  well  as  the  elementary  composition.  A  pair  belonging  to 
this  class  are  known,  which  coincide  besides  in  the  specific  gravity 
of  their  vapours.  The  composition  and  atom  of  both  the  formiate  of 
the  oxide  of  ethyl  (formic  ether)  and  the  acetate  of  oxide  of  methyl. 
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may  bo  represented  by  Cg  H5  O4  :  the  density  of  both  their  vapours 
is  2574  :  and  what  is  very  remarkable,  these  bodies  in  their  ordinary 
liquid  state  almost  coincide  in  properties,,  the  density  of  formic  ether 
being  0-916,  and  that  of  tlie  acetate  of  methylene  0*919,  (density  of 
water  being  =),  while  the  first  boils  at  133°,  and  the  last  at  136-4°. 
But  when  acted  on  by  alkalies,  their  products  are  entirely  different, 
the  one  affording  formic  acid  and  alcohol,  and  the  other  acetic  acid 
and  wood-spirit.  Each  of  the  isomeric  bodies  in  question  contains, 
indeed,  two  different  binary  compounds,  and  their  constitution  is 
truly  represented  by  different  formulse  : — 

Eormiate  of  oxide  of  ethyl         .         C4  H5  0  +  C2  H  O3 
Acetate  of  oxide  of  methyl        .         C2  H3  0  +  C4  H3  O3 

in  which  the  same  atoms  are  seen  to  be  very  differently  arranged. 
The  term  metameric  has  been  applied  to  bodies  so  related. 

The  last  class  of  isomeric  bodies  are  of  the  same  atomic  weights, 
but  their  constitution  or  molecular  arrangement  being  unknown, 
their  isomerism  cannot  at  present  be  explained.  It  can  scarcely 
be  doubted,  however,  that  their  molecular  arrangement  is  really 
different. 

One  pair  of  such  isomeric  bodies  will  illustrate  the  coincidences 
observed  not  at  all  unfrcquently  among  organic  substances.  The 
racemic  and  tartaric  acids,  of  which  the  composition  is  the  same, 
exhibit  a  similarity  of  properties,  and  a  parallelism  in  theii  chemical 
characters,  that  are  truly  astonishing.  These  acids  are  found  together 
in  the  grape  of  the  Upper  Ehine.  They  differ  considerably  in  solu- 
bility, the  racemic  being  the  least  soluble,  so  that  they  may  be  sepa- 
rated from  each  other  by  crystallization ;  and  the  racemic  acid 
contains  an  atom  of  water  of  crystallization,  which  is  not  found  in 
the  crystals  of  tartaric  acid.  They  form  salts  which  correspond  very 
closely  in  their  solubility  and  other  properties.  The  bitartrate  and 
biracemate  of  potash  are  both  sparingly  soluble  salts  :  the  tartrates 
and  racemates  of  lime,  lead,  and  barytes,  are  all  alike  insoluble. 
Both  acids  form  a  double  salt  with  soda  and  ammonia,  which  is  an 
unusual  kind  of  combination.  But  what  is  most  surprising,  crystals 
of  these  double  salts  not  only  coincide  in  the  proportion  of  their 
water  and  other  constituents,  and  in  the  composition  of  their  acids, 
but  also  in  external  form,  having  been  observed  by  Mitscherlich  to 
be  isomorphous.  A  nearer  approach  to  identity  could  scarcely  be 
conceived  than  is  exhibited  by  these  salts,  which  are,  indeed,  the 
same  both  in  form  and  composition.     The  crystallized  acids  are  both 
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modified  in  an  unusual  manner  by  heat^  and  form  three  classes 
of  salts,  as  phosphoric  acid  does.  The  formulae  of  both  acids  in 
their  ordinary  class  of  salts  is  Cg  H^  O10  +  t^^^o  atoms  of  base  (Premy); 
but  by  no  treatment  can  the  one  acid  be  transmuted  into  the  other. 
Lastly,  every  organic  acid  produces  a  new  acid  by  destructive  dis- 
tillation, which  is  peculiar  to  it,  and  is  termed  its  pyr-acid.  Now 
racemic  and  tartaric  acid,  when  destroyed  by  heat,  agree  in  giving 
birth  to  one  and  the  same  pyr-acid. 

The  allatropy  of  elements  has  been  supposed  to  throw  light  upon 
the  multiplication  of  series  of  compounds  arising  from  one  radical,  and 
the  isomerism  of  certain  compounds.  Fused  sulphur  passes  through 
several  allatropic  conditions  as  its  temperature  is  raised,  in  which  it 
is  imagined  that  the  equivalent  of  the  element  may  be  doubled,  tripled, 
and  even  quadrupled  by  a  coalition  of  so  many  single  atoms  and  the 
formation  of  compound  atoms,  which  are  distinguished  as  a  sulphur, 
/3  sulphur,  3  sulphur,  y  sulphur,  &c.  In  the  different  series  of  the 
oxygen  acids  of  sulphur,  containing  one,  two,  three,  and  four  equiva- 
lents of  sulphur,  the  different  allatropic  varieties  of  sulphur  are 
imagined  to  exist.  Sihcium  in  its  combustible  and  incombustible 
allatropic  conditions  may  thus  give  rise  to  different  silicic  acids,  and 
allatropic  borons  and  tungstens  to  the  isomeric  boric  and  tungstic 
acids. 

SECTION  VII. — ARRANGEMENT  OF  THE  ELEMENTS  IN  COMPOUNDS. 

The  names  of  some  compounds  imply  that  they  contain  other  com- 
pounds, and  indicate  a  certain  atomic  constitution,  while  the  names 
of  other  compounds  express  no  particular  arrangement  of  their  con- 
stituent atoms,  but  leave  it  to  be  inferred  that  the  atoms  are  all 
directly  combined  together.  Thus  sulphate  of  soda  implies  the  con- 
tinued existence  of  sulphuric  acid  and  soda  in  the  salt,  while  nitric 
acid,  or  binoxide  of  hydrogen,  supposes  no  partition  of  the  compound 
to  which  it  is  applied.  But  it  is  to  be  remembered  that  the  original 
framers  of  the  nomenclature  were  guided  more  by  facilities  of  an 
et3nnological  nature,  in  constructing  such  terms,  than  by  views  of  the 
constitution  of  compounds. 

Of  a  binary  compound  containing  single  atoms  of  its  constituents, 
there  cannot  be  two  modes  of  representing  the  constitution ;  but  Avhere 
one  of  the  constituents  is  present  in  the  proportion  of  two  or  more 
atoms,  several  hypotheses  can  always  be  formed  of  their  mode  of  ag- 
gregation.    In  a  series  of  binary  combinations  of  the  same  elements. 
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such  as  tliafc  of  nitrogen  and  oxygen,  NOj,  NO2,  NO3,  NO4,  NO5, 
the  simplest  view  has  generally  been  taken,   namely,  that  it  is  the 
elements  themselves  which  unite.     But  in  particular  cases  the  chemist 
is  often  involuntarily  led  into  another  opinion.     Thus  binoxide  of 
nitrogen  is  so  often  a  product  of  the  decomposition  of  nitric  acid,  that 
the  acid  appears  more  Kke  a  compound  of  that  oxide  of  nitrogen  with 
oxygen,  than  a  compound  of  nitrogen  itself  with  oxygen.     When  the 
binoxide  of  hydrogen  was  first  discovered  by  Thenard,  he  was  led  by 
the  whole  train  of  its  properties  to  view  it  as  a  compound  of  water 
and  oxygen,  into  which  it  is  resolved  with  so  much  facility,  and  to 
name  it  accordingly  oxi/f/e/tated  water,  which  it  may  be,  and  not  a 
direct   combination  of  hydrogen   and  oxygen ;    or  its   formula  be 
HO  4-0,  and  not  HO2.     The  periodide  of  potassium,  and  the  other 
analogous  compounds  obtained  by  dissolving  iodine  in  metallic  iodides, 
were  first  termed  ioduretted  iodides  from  similar  considerations,  and 
the  hyposulphites,  obtained  by  dissolving  sulphur  in  sulphites,  suU 
phuretted  sulphites.     It  may  be   doubted  whether  chemists  would 
return  with  advantage  to  any  of  these  expressions,  the  views  of  com- 
position which  they  indicate  being  uncertain,  and  not  offering  a  suf- 
ficient inducement  to  depart  from  the  more  systematic  designations. 
The  binoxide  of  hydrogen,  for  instance,  may  be  easily  resolved  into 
water  and  oxygen,  not  because  water  pre-exists  in  it,  but  because 
water  is  a  compound  of  great  stability,  and  is  formed  when  binoxide 
of  hydrogen  is  decomposed.     Nitric  acid,  also,  is  as  likely  to  be  a 
compound  of  quadoxide  of  nitrogen  with  an  additional  atom  of  oxygen, 
as  of  binoxide  of  nitrogen  with  three  atoms  of  the  same  element. 

Certain  compound  bodies,  however,  have  been  observed  to  act  the 
part  of  a  simple  body  in  combination,  and  can  be  traced  through  a 
series  of  compounds.  The  following  substances,  for  instance,  may  be 
represented  with  considerable  probability  as  compounds  of  carbonic 
oxide,  as  in  the  formulae  : — 

CO,  carbonic  oxide. 

CO  -f  O,  carbonic  acid. 

CO  +  Cl,  chloroxicarbonic  acid. 

2 CO  +  0,  oxalic  acid. 

Carbonic  oxide  is  said  to  be  the  radical  of  this  series,  a  name 
apphed  to  any  compound  which  is  capable  of  combining  with  simple 
bodies  J  as  carbonic  oxide  appears  to  do  with  oxygen  and  chlorine  in 
these  compounds.    Messrs.  Liebig  and  Wohler  first  proved  by  decisive 
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experiments  that  such  a  radical  exists  in  the  benzoic  combinations, 
which  may  be  represented  thus  : — 

Ci4  H5  O2  +  0,    benzoic  acid. 

Ci4  H5  O2  +  H,    essential  oil  of  bitter  almonds. 

Ci4  H5  02  +  Clj  chloride  of  benzoyl,  &c. 

Cyanogen  was  the  first  recognised  member  of  the  class  of  compound 
radicals,  of  which  the  number  known  to  chemists  is  constantly  in- 
creasing, and  wliich  appear  to  pervade  the  whole  compounds  of 
organic  chemistry.  In  combining  with  simple  bodies,  radicals  act 
the  part  of  other  simple  bodies,  such  as  metals,  chlorine,  oxygen,  &c. 
M'hich  they  replace  in  compounds. 

With  the  elements  themselves  compound  radicals  may  be  divided 
into  two  great  classes  : — 

The  Basyl  class,  consisting  of  metals  the  oxides  of  which  are 
bases,  hydrogen,  and  the  corresponding  compound  radicals,  ammo- 
nium, ethyl,  &c.     These  are  electro-positive  bodies. 

The  salt-radical  class — chlorine,  sulphur,  oxygen,  &c.,  with  cya- 
nogen and  other  compound  radicals  which  combine  with  metals  and 
other  members  of  the  former  class,  and  form  salts  or  compounds 
partaking  of  the  saUne  character.  Such  radicals  are  also  termed 
salogens ;  they  are  electro -positive. 

Constitution  of  salts — Of  the  supposed  combinations  of  binary 
compounds  with  binary  compounds,  the  most  numerous  and  important 
class  are  salts.  Sulphate  of  soda  is  commonly  viewed  as  a  direct 
combination  of  sulphuric  acid  and  soda,  each  preserving  its  proper 
nature  in  the  compound ;  and  so  are  all  similar  compounds  of  an  acid 
oxide  with  a  basic  oxide.  An  oxygen  acid  is  allowed  to  exist  in  them, 
and  they  are  particularly  distinguished  as  "  oxygen-acid  salts."  But 
an  opinion  was  promulgated  long  ago  by  Davy,  that  these  salts  might 
be  constituted  on  the  plan  of  the  binary  compounds  of  the  former 
class,  and  their  hydrated  acids  on  the  plan  of  a  hydrogen  acid ;  a 
view  wliich  is  supported  by  many  analogies,  and  has  latterly  had  a 
preference  given  to  it  by  some  of  our  leading  chemical  authorities. 
It  is,  therefore,  deserving  of  serious  consideration. 

One  class  of  acids,  the  hydrogen  acids,  and  the  salts  wliich  they 
produce  with  alkalies,  are  unquestionably  binary  compounds,  and 
were  assumed  by  Davy  as  the  types  of  acids  and  salts  in 
general.  Hydrochloric  acid  is  composed  of  two  elements,  chlorine 
and  hydrogen,  and  with  soda  it  forms  water  and  cliloride  of  sodium, 
thus  :— 
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Hydrochloric  acidjgyj^^^^^^  -— -AYater. 

Soda  {Oxygen   .^>^ 

'i  Sodium    . -^  Chloride  of  sodium. 

the  hydrogen  of  the  acid  being  replaced  by  sodium  in  the  salt  formed. 
Hydrocyanic  is  another  hydrogen  acid^  of  which  cyanide  of  sodium  is 
a  salt.  In  general  terms^  a  radical  (which  may  be  either  simple  or 
compound,  Hke  chlorine  or  cyanogen)  forms  an  acid  with  hydrogen, 
and  a  salt  with  sodium  or  any  other  metal. 

Hydrated  sulphuric  acid,  which  consists  of  sulphuric  acid  and  an 
atom  of  water,  HO  +  SO3,  is  represented  as  a  hydrogen  acid  by 
transferring  the  oxygen  of  the  water  to  the  sulphuric  acid  to  form  a 
new  radical,  SO4,  which  is  supposed  to  be  in  direct  combination  with 
the  remaining  atom  of  hydrogeu,  as  H  +  SO4.  In  sulphate  of  soda, 
the  oxygen  of  the  soda  is  in  the  same  manner  transferred  to  the  acid, 
or  the  formula  of  the  salt  is  changed  from  NaO  +  SO3  to  Na  +  SO4. 
To  SO4,  the  salt-radical  of  sulphates,  the  name  siil])hion  has  been 
applied,  from  the  circumstance  that,  in  the  voltaic  decomposition  of  a 
sulphate,  SO4  travels  to  the  positive  pole,  and  the  metal  or  hydrogen 
to  the  negative  pole.  Its  compounds,  or  the  sulphates,  become 
sulphionides.  The  hydrated  acid  and  its  soda  salt  are  thus  named 
and  denoted  on  the  two  views  of  their  constitution — 

I.    ON  THE  ACID  THEORY  : 

Hydrated  sulphuric  acid,  sulphate  of  oxide  of 

hydrogen,  or  hydric  sulphate        .         .         .     HO  +  SO3 

Sulphate  of  soda,  sulphate  of  oxide  of  sodium, 

or  soda  sulpliate NaO  +  SO3 

II.    ON  THE  SALT-RADICAL  THEORY  : 

Sulphionide  of  hydrogen          .         .         .         .     H  +  SO4 
Sulphionide  of  sodium Na+S04 

which  last  formulae  are  strictly  comparable  with  tliose  of  an  admitted 
hydrogen  acid  and  its  salt,  such  as — 

Hydrochloric  acid  or  chloride  of  hydrogen         .  H  +  CI 

Chloride  of  sodium Na  +  Cl 

or  as — 

Hydrocyanic  acid  or  cyanide  of  hydrogen  .  H  +  C2N 

Cyanide  of  sodium         .         .         .         .         .  Na  4-  CgN 

which  thus  appear  compounds  of  three  different  radicals,  chlorine  (CI), 
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cyanogen  (CgN),  and  sulphion  (SO4),  with  the  same  elementary 
bodies,  hydrogen  and  sodium.  Sulphion  is  known  only  in  combina- 
tion,, and  has  not  been  obtained  in  a  separate  state  Hke  chlorine  and 
cyanogen.  The  body,  sulphuric  acid,  SO3,  which  may  be  separated 
from  some  sulphates,  and  can  exist  by  itself,  is  looked  upon  as  a 
product  of  the  decomposition  of  these  salts,  and  not  to  pre-exist  in 
them,  so  that  a  secondary  character  is  assigned  to  it. 

Hydrated  nitric  acid,  or  aqua  fortis,  becomes  a  hydrogen  acid  by 
the  creation  of  a  nitrate  radical,  nitration.  It  is  the  nitrationide  of 
hydrogen  instead  of  the  nitrate  of  water — 

H-fNOg,  instead  of  HO  +  NO5. 

The  nitrate  of  potash  becomes  the  nitrationide  of  potassium,  and  so 
of  all  other  nitrates.  The  existence  of  nitration  is  hypothetical,  as  it 
has  not  been  insulated ;  but,  in  tliis  respect,  it  is  not  situated  other- 
wise than  nitric  acid  itself,  wliich  cannot  be  exhibited  in  a  separate 
state,  and  is  believed  to  be  capable  of  existing  only  in  a  state  of 
combination. 

It  is  evident  that  the  same  view  is  applicable  to  hydrated  oxygen 
acids  in  general,  which  may  be  made  hydrogen  acids,  by  assuming 
the  existence  of  a  new  salt-radical  for  each,  containing  an  atom  more 
of  oxygen  than  the  oxygen  acid  itself,  and  capable  of  combining 
directly  with  hydrogen  and  the  metals.  The  class  of  oxygen  acid 
salts  is  thus  abolished,  and  they  become  binary  compounds  like  the 
chlorides  and  cyanides.  Even  oxygen  acids  themselves  can  no  longer 
be  recognized.  It  is  not  sulphuric  acid  (SO3),  but  what  was  formerly 
viewed  as  its  compound  with  water,  that  is  the  acid,  and  it  is  a 
hydrogen  acid.  The  properties  which  characterize  acids  are  un- 
doubtedly only  observed  in  the  hydrates  of  the  oxygen  acids.  Thus 
the  anhydrous  sulphuric  acid  does  not  redden  litmus,  and  exhibits  a 
disposition  to  combine  with  salts,  such  as  chloride  of  potassium  and 
sulphate  of  potash,  rather  than  with  bases.  The  liquid  carbonic  acid 
has  little  affinity  for  water,  does  not  combine  directly  wdth  lime,  but 
dissolves  in  alcohol,  ether,  and  essential  oils,  like  certain  neutral 
bodies.  It  is  only  when  associated  with  water  that  the  bodies  re- 
ferred to  exhibit  acid  properties,  and  then  hydrogen  acids  may  be 
produced. 

On  this  view,  it  is  obvious  that  the  acid  and  salt  are  really  bodies 
of  the  same  constitution,  hydrochloric  acid  being  the  chloride  of 
hydrogen,  as  common  salt  is  the  chloride  of  sodium,  and  sulphuric 
acid  and  sulphate  of  soda  being  the  sulphionides  of  hydrogen  and  of 
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sodium.  The  acid  reaction  and  sour  taste  are  not  peculiar  to  the 
hydrogen  compound,  and  do  not  separate  it  from  the  others ;  the 
chloride,  sulphionide,  and  nitrationide  of  copper  being  nearly  as  acid 
and  corrosive  as  the  chloride,  sulphionide,  and  nitrationide  of  hydro- 
gen, and  clearly  bodies  of  the  same  character  and  composition  :  they 
are  all  equally  salts  in  constitution.  The  term  "  acid"  is  not  abso- 
lutely required  for  any  class  of  bodies  included  in  the  theory,  and 
might,  therefore,  be  dropped,  if  it  were  not  that  an  inconvenience 
would  be  felt  in  having  no  common  name  for  such  bodies  as  anhy- 
drous sulphuric  acid  SO3,  anhydrous  nitric  acid  NO5,  sulphurous 
acid  SO2J  carbonic  acid  COg,  &c.  To  these  substances,  which  first 
bore  the  name,  it  should  now  be  confined.  In  considering  the 
generation  of  salts,  three  orders  of  bodies  would  be  admitted,  as  in 
the  following  tabular  exposition  of  a  few  examples  :  — 


I. 

The  Acid. 

II. 

The  Salt-radical. 

III. 

The  Salt. 

SO3 
NO5 

SO4 

NC2        .     . 
CI           .     . 

SO4  +  H  or  a  metal. 
NOg  +  H  or  a  metal, 
NC2  +  H  or  a  metal. 
Cl  +  H  or  a  metal. 

The  first  term  of  the  series,  or  "  the  acid,"  is  wanting  in  the  last  two 
examples ;  and  that  is  the  peculiarity  of  those  bodies  which  consti- 
tuted the  original  class  of  hydrogen  acids  and  their  salts  :  while,  to 
the  old  class  of  oxygen  acid  salts,  both  an  acid  and  a  salt-radical  can 
be  assigned,  as  in  the  first  two  examples. 

The  peculiar  advantages  of  the  salt-radical  theory  are — 
Pirst :  That,  instead  of  two,  it  makes  but  one  great  class  of  salts, 
assimilating  in  constitution  bodies  which  certainly  resemble  each  other 
in  properties.  Chloride  of  sodium  and  sulphate  of  soda  are  both 
neutral,  and  possess  a  common  character,  which  is  that  of  a  soda  salt ; 
but  they  are  separated  widely  from  each  other  on  the  view  of  their 
constitution  which  is  expressed  in  their  names. 

Secondly :  It  accounts  for  a  remarkable  law  which  is  observed  in 
the  construction  of  salts ;  namely,  that  bases  always  combine  with  as 
many  atoms  of  acid  as  they  themselves  contain  of  oxygen  ;  a  protoxide, 
which  contains  one  atom  of  oxygen,  combining  and  forming  a  neutral 
salt  with  one  atom  of  an  oxygen  acid ;  while  an  oxide  which  contains 
two  atoms  of  oxygen  to  one  of  metal,  like  binoxide  of  palladium, 
forms  a  neutral  salt  with  two  atoms  of  acid ;  and  an  oxide  of  three 
atoms  of  oxygen  to  two  of  metal,  like  sesquioxide  of  iron,  forms  a 
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neutral  salt  with  three  atoms  of  acid.  The  acid  and  oxygen  are  thus 
always  together  in  the  exact  proportion  to  form  the  salt-radical,  there 
being  always  an  atom  of  oxygen  for  every  atom  of  acid  in  the  salt. 
This  will  appear  more  distinctly  in  the  following  formulse,  which 
exhibit  the  composition  of  the  neutral  sulphates  of  a  metal  in  four 
different  states  of  oxidation,  an  atom  of  metal  being  represented 
byE:- 

FORMUL.E  OF  NEUTRAL  SULPHATES. 

I.  II. 

As  consisting  of        As  consisting  of  Metal 
Oxide  and  Acid.  and  Salt-radical. 

RO  +  SO3        .  .     R+SO4      .  .     as  in  sulphate  of  soda. 

R2O  +  SO3  .  .  R2  +  8^)4  •  •  ^^^^  sulphate  of  sub- 
oxide of  mercury. 

RO2  +  2SO3  ..  R  +  2SO4  .  .  as  in  sulphate  of  bin- 
oxide  of  palladium. 

R2O3  +  3SO3  .  .     E/2  +  ^^^4  •  •     as  in  sulphate  of  sesqui- 

oxide  of  iron. 

The  acid  is  seen  in  the  first  column  to  be  always  in  the  proper  pro- 
portion to  form  a  sulphionide  of  the  metal  in  the  second  column; 
and  these  sulphionides  correspond  exactly  with  known  chlorides,  such 
as  R  CI,  R2  CI,  R  CI2,  R2  CI3. 

Thirdly :  It  offers  a  more  simple  and  philosophical  explana- 
tion of  the  action  of  certain  metals  upon  acid  solutions,  and  of  the 
decomposition  of  such  solutions  in  other  circumstances.  Thus  when 
zinc  is  introduced  into  hydrochloric  acid  (chloride  of  hydrogen),  it 
is  allowed  on  both  views,  that  the  metal  simply  displaces  the 
hydrogen  which  is  evolved,  and  that  chloride  of  zinc  is  formed 
in  the  place  of  chloride  of  hydrogen.  In  the  same  way,  when  zinc 
is  introduced  into  diluted  sulphuric  acid,  which  contains  the 
sulphionide  of  hydrogen  on  the  binary  theory,  hydrogen  is  simply 
displaced  and  evolved  as  before,  and  the  sulphionide  of  zinc  is  formed 
in  the  place  of  the  sulphionide  of  hydrogen.  The  metal  in  question 
appears  to  be  incapable  of  decomposing  pure  water  by  displacing  its 
hydrogen  at  the  temperature  of  the  air;  but  this  fact  does  not 
interfere  with  the  preceding  explanation,  as  zinc  may  have  a  greater 
afhnity  for  sulphion  than  for  oxygen,  and,  therefore,  be  capable  of 
decomposing  the  sulphionide,  but  not  the  oxide  of  hydrogen.  If  the 
acid  solution,  however,  contains  sulphate  of  water,  as  it  does  on  the 
old  view,  then  zinc  does  and  does  not  decompose  water;  decom- 
posing it  when  in  combination,  but  not  when  free.     It  becomes 
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necessary  to  assume  tliat  tlie  presence  of  the  acid  enhances  the 
affinity  of  the  metal  for  the  oxygen  of  the  water,  in  a 
manner  which  cannot  be  clearly  explained ;  for  the  solubility  of 
oxide  of  zinc  in  the  acid,  to  which  the  influence  of  the  acid  is  often 
ascribed,  accounts  for  the  continuance  of  the  action,  by  providing 
for  the  removal  of  the  oxide,  rather  than  for  its  first  commencement. 
The  phenomena  of  the  decomposition  of  an  acid  solution  in  the 
voltaic  circle,  are  also  most  simply  explained  on  the  salt-radical 
theory.  Oxide  of  hydrogen  and  sulphionide  of  hydrogen,  are  both 
binary  "  electrolytes,"  which  are  decomposed  in  the  voltaic  circle  in 
the  same  manner,  although  not  with  equal  facility ;  the  common 
element,  hydrogen,  proceeding  from  both  to  the  negative  electrode, 
and  oxygen  in  the  one  case  and  sulphion  in  the  other  to  the  positive 
electrode.  The  sulphion  finds  water  there,  and  resolves  itself  into 
sulphionide  of  hydrogen  and  free  oxygen.  The  decomposition  of 
the  sulphionide  of  sodium  or  any  other  salt  may  be  explained  in  the 
same  simple  manner ;  while  on  the  other  view,  it  must  be  assumed 
that  a  simultaneous  transference  between  the  electrodes  of  acid  and 
alkali  with  the  oxygen  and  hydrogen  of  water  takes  place ;  and  the 
efi^ect  of  the  acid  in  promoting  the  decomposition  of  the  water 
remains  unaccounted  for. 

When  a  metalHc  oxide  is  dissolved  in  an  acid  solution,  as  oxide  of 
zinc  in  diluted  sulphuric  acid,  the  reaction  which  occurs  is  thus 
explained  on  the  binary  theory  : 

Sulphionide  of  f  Hydrogen  .  - — :.-  Water. 

hydrogen    .  1  Sulphion    .v^^^    y' 

*  1  Zinc      . ^N.  Sulphionide  of  zinc  ; 

as  in  the  reaction  between  the  same  oxide  and  hydrocldoric  acid 
(page  187). 

The  cliief  objections  to  the  salt-radical  theory,  are — 
First :  The  creation  of  so  many  hypothetical  radicals  ;  namely,  one 
for  every  class  of  oxygen-acid  salts.  But  it  is  to  be  remembered 
that  the  great  proportion  of  oxygen  acids,  such  as  nitric,  acetic, 
oxalic,  &c.  are  equally  of  an  ideal  character,  and  cannot  be  exhibited 
in  a  separate  state. 

Secondly :  The  peculiarities  of  the  salts  of  phosphoric  acid  which 
are  supposed  to  be  inimical  to  the  new  view.  That  acid  forms 
three  different  and  independent  classes  of  salts,  containing  respec- 
tively one,  two,  and  three,  equivalents  of  base  to  one  of  acid.     On 
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the  binary  theory,  these  three  chisses  of  salts  must  contain  three 
different  salt-radicals,  combined  respectively  with  one,  two,  and 
three  equivalents  of  hydrogen  or  metal.  The  three  phosphates  of 
water  and  the  corresponding  phosphionides  of  hydrogen  would  be 
represented  as  follows  : — 


I. 

II. 

III. 

HO+P05     . 

.       2HO  +  PO5       . 

.       8HO-fP05 

H  +  POg 

.       2H  +  PO7 

.       SH  +  POg 

Such  salt-radicals  and  such  compounds  with  hydrogen  startle  us^  from 
their  novelty,  but  it  may  be  questioned  Avhether  they  are  really  more 
singular  than  the  anormal  classes  of  phosphates,  containing  several 
equivalents  of  base,  for  which  they  are  substituted,  but  which  we  have 
been  more  accustomed  to  contemplate.  All  the  salt-radicals  known 
in  a  separate  state,  such  as  chlorine  and  cyanogen,  combine  with  one 
equivalent  only  of  hydrogen,  or  are  monobacylous,  but  it  would  be 
unfair  to  assume  in  the  present  imperfect  state  of  our  knowledge 
that  other  salt-radicals  may  not  exist,  capable  of  combining  with  two 
or  three  equivalents  of  hydrogen,  as  the  phosphate-radicals  are  sup- 
posed to  do.  The  existence  of  at  least  one  such  radical  is  highly 
probable,  as  will  afterwards  appear. 

In  conclusion,  it  may  be  stated  that  neither  view  of  the  constitu- 
tion of  the  oxygen-acid  salts,  (which  alone  are  affected  by  this  dis- 
cussion), rests  on  demonstrative  evidence;  they  are  both  hypotheses, 
and  are  both  capable  of  explaining  all  the  phenomena  of  the  salts. 
But  to  whichever  of  them  a  speculative  preference  is  given,  we  can 
scarcely  avoid  using  the  language  of  the  acid  theory,  in  the  present 
state  of  chemical  science. 

Without  deciding  definitively  in  favour  of  one  or  other  of  the 
rival  theories,  it  is  well  to  keep  in  view  that  the  great  class  of  salts 
includes  compounds  which  differ  essentially  in  their  capacity  of 
analytical  decomposition.  A  certain  number  of  salts  contain  salt- 
radicals  which  can  be  isolated,  others  oxygen -acids  which  can  be 
isolated,  while  others  have  yet  afforded  neither  salt-radical  nor  acid 
in  a  separate  state.     Hence,  they  may  be  classed  as — 

1.  Salts  of  isolable  salt-radicals :  chlorides,  cyanides,  sulpho- 
cyanides,  &c. 

2.  Salts  of  isolable  acids :  sulphates,  carbonates,  &c. 

3.  Salts  which  contain  neither  an  isolable  salt-radical  nor  an 
isolable  acid  :  nitrates,  acetates,  hyposulphites,  &c.  Even  admitting 
that  all  salts  have  the  same  constitution,  the  capability  of  breaking 
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up  in  such  different  ways  must  affect  their  modes  of  decomposition 
in  different  circumstances^  and  produce  differences  in  properties 
which  render  such  distinctions  important. 

It  has  become  further  necessary  to  recognize  three  classes  of 
oxygen-acid  salts,  which  in  the  language  of  the  acid  theory  contain 
one,  two,  and  three  equivalents  of  base  to  one  of  acid. 

1.  Monohasic  salts. — The  great  proportion  of  acids,  such  as 
sulphuric,  nitric,  &c.  neutralize  but  one  equivalent  of  base,  or  more 
correctly  combine  in  the  proportion  of  one  equivalent  of  acid  to  each 
equivalent  of  oxygen  in  the  base,  and  form,  therefore,  77iono\)2iSic 
salts.  (See  formulae  of  the  neutral  sulphates,  page  190.)  But  this 
is  not  inconsistent  with  an  acid  forming  two  series  of  salts  with  the 
same  base  or  class  of  isomorphous  bases.  Thus  there  appear  to  be 
two  weU-marked  classes  of  sulphates  of  the  magnesian  oxides,  which 
agree  in  having  one  equivalent  of  base,  but  differ  essentially  in  the 
proportions  of  combined  water  which  they  affect.  In  one  series  the 
sulphate  is  combined  with  one,  three,  five,  or  seven  equivalents  of 
water.  Copperas  (a  sulphate  of  iron),  Epsom  salt  (a  sulphate  of 
magnesia),  blue  vitriol  (a  sulphate  of  copper),  and  most  of  the  well- 
known  magnesian  sulphates,  belong  to  this  class,  which  may  be  called 
the  copperas  class  of  sulphates.  All  the  members  of  it  are  very  so- 
luble in  water,  and  form  double  salts  with  sulphate  of  potash.  The 
other  series  affect  two,  four,  and  six  equivalents  of  water.  They  are 
less  known,  but  appear  to  be  of  sparing  solubility,  and  to  be  incapable 
of  forming  double  salts  with  sulphate  of  potash.  Gypsum  or  sul- 
phate of  lime  belongs  to  this  class,  which  may,  therefore,  be  called 
the  gypsum  class  of  magnesian  sulphates.  Sulphate  of  iron  is  said 
to  crystalHze  from  solution  in  sulphuric  acid  with  two  equivalents 
of  water,  with  the  crystalline  form  and  sparing  solubility  of  gypsum. 
Dr.  Kane  obtained  a  sulphate  of  copper  with  four  equivalents  of 
water,  by  exposing  the  anhydrous  salt  to  the  vapour  of  hydrochloric 
acid,  which  appears  to  be  the  second  term  in  this  series ;  and  Mit- 
scherHch  still  maintains  the  existence  of  a  peculiar  sulphate  of  mag- 
nesia containing  six  equivalents  of  water  of  crystalhzation,  which 
will  constitute  the  third  term.  It  is  evident  that  the  cause  of  such 
double  classes  of  salts  is  as  deeply  seated  as  that  of  dimorphism,  and 
hence,  possibly,  the  magnesian  sulphate  itself,  which  exists  in  the 
two  classses,  is  not  the  same  in  its  constitution  with  reference  to 
heat. 

2.  Bibasic  salts. — That  class  of  phosphates  which  received  the 
name  of  pyrophosphates,  was  the  first  in  which  one  equivalent  of 
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acid  was  found  to  neutralize  two  equivalents  of  base ;  their  formulse 
being  2E0,  PO5.  The  classes  of  tartrates  and  racemates  which 
have  long  been  known  to  chemists,  are  also  bibasic  salts.  It  is  the 
character  of  a  bibasic  acid  to  unite  at  once  with  two  different  bases 
of  the  same  natural  family,  wliich  accounts  for  the  formation  of 
Eochelle  salt,  the  tartrate  of  potash  and  soda,  of  which  the  formula 
is  KO,  Na  O  +  Cg  H4  Ojo-  It  has  also  been  shown  that  gallic  acid 
is  bibasic,  the  gallate  of  lead  being  thus  composed  :  2Pb  0  +  C7  H  O3. 
Now  if  we  attempt  to  make  this  a  monobasic  salt  by  dividing 
the  equivalents  both  in  base  and  acid  by  two,  an  equivalent  of  gallic 
acid  would  come  to  contain  haK  an  equivalent  of  hydrogen,  which 
Liebig  considers  as  conclusive  against  the  division  of  its  atomic 
weight.  Itaconic,  comenic,  eu chronic,  fulminic,  and  several  other 
organic  bibasic  acids,  might  be  named.  The  compound  acids  formed 
by  the  union  of  two  others,  and  called  copulated  acids,  such  as  hypo- 
sulphobenzoic  acid,  are  usually  of  tliis  class. 

3.  Trihasic  salts.  —  The  tribasic  phosphates  of  the  formula 
3E0,  PO5,  have  likewise  proved  to  be  the  type  of  a  class  of  salts.  One 
equivalent  of  arsenic  acid  neutralizes  tliree  equivalents  of  base ;  so, 
it  is  probable,  does  one  atom  of  phosphorous  acid.  Tannic  acid  also 
saturates  three  atoms  of  base,  the  formula  of  the  tannate  of  lead  being 
3PbO  +  C18  H5  O9  (Liebig).  There  is  the  same  necessity  to  admit  that 
citric  acid  is  tribasic,  and  the  formula  of  a  citrate  3RO  +  C12  H5  On, 
as  there  is  to  allow  that  gallic  acid  is  bibasic.  Most  of  the  citrates 
contain  two  equivalents  of  fixed  base  and  one  of  water,  but  the  citrate 
of  silver  contains  three  equivalents  of  oxide  of  silver.  Cyanuric, 
meconic,  camphoric,  and  several  other  organic  acids,  are  tribasic. 

Two  of  the  three  atoms  of  base  in  this  class  of  salts  may  be  dif- 
ferent, as  is  observed  in  certain  citrates,  cyanurates,  and  phosphates, 
or  the  whole  three  may  be  different,  as  in  the  phosphate  called 
microcosmic  salt,  which  contains  at  once  soda,  oxide  of  ammonium, 
and  water  as  bases'^.  Two  or  more  of  the  bases  may  likewise  be  iso- 
morphous,  or  at  least  belong  to  the  same  natural  family  as  soda  and 
oxide  of  ammonium,  water,  and  magnesia. 

Salts  usualltj  denominated  Suhsalts. — The  preceding  classes  of 
salts,  and  many  other  bodies  also,  are  capable  of  combining  with  a 
certain  proportion  of  water,  generally  vaguely  spoken  of  as  water  of 
crystallization.     The  compounds  of  the  present  class  appear  to  be 


*  Inquiries  respecting  the  Constitution  of  Salts ;  of  oxalates,  nitrates,  phosphates, 
sulphates,  and  chlorides.     Phil.  Trans.  1837,  page  47. 


CONSTITUTION  OF  SALTS.  195 

salts  which  have  assumed  a  fixed  metallic  oxide  in  the  place  of  this 
water.  They  may,  therefore,  be  truly  neutral  in  composition,  the 
excess  of  oxide  not  standing  in  the  relation  of  base  to  the  acid.  It 
appears  that  the  formulae  of  the  nitrates  named  are  as  follows  :  — 

Nitrateof  water  (acid of  sp.  gr.  1  -42)  .  HO,  NO5  +  3H0. 

Nitrate  of  copper  (prismatic)  .  Cu  0,  NO54-3HO. 

Nitrate  of  copper  (rhomboidal)       .  Cu  O,  NO5  +  6H0. 

Subnitrate  of  copper     .         .         .  Cu  0,  NO5  +  3  (Cu  0,  HO) . 

I  have  distinguished  as  constitutional  the  three  atoms  of  water  which 
exist  in  these  and  all  the  magnesian  nitrates,  and  which  are  replaced 
by  three  atoms  of  hydrated  oxide  of  copper  in  the  subnitrate  of  copper, 
which  is  therefore  a  nitrate  of  copper,  with  the  addition  of  con- 
stitutional (not  basic)  oxide  of  copper ;  a  view  which  is  expressed  by 
the  arrangement  of  the  symbols  in  its  formula. 

The  subnitrates  of  zinc  and  lead,  and  probably  also  those  of  nickel 
and  cobalt,  have  a  similar  composition  (Gerhardt).  A  similar  corre- 
spondence is  observed  between  the  crystallized  neutral  sulphate  of 
copper,  and  the  subsulphate  of  copper,  containing  four  equivalents 
of  oxide  of  copper,  and  five  of  water  to  one  of  acid  : — 

Sulphate  of  copper,  CuO,  SO3,  H0  +  4H0. 

Subsulphate  of  copper,  CuO,  SO3,  (CuO,  HO)  +  2  (CuO,  HO)  +  2H0. 

Three  equivalents  of  water  in  the  neutral  salt  appear  to  be  replaced 
by  three  equivalents  of  hydrated  oxide  of  copper  in  the  sub  salt.  The 
remaining  2H0  of  the  latter  salt  are  expelled  by  a  moderate  heat, 
while  the  other  4H0  in  combination  with  oxide  of  copper,  are 
extricated  by  a  much  higher  temperature,  and  their  separation 
attended  by  a  palpable  decomposition  of  the  salt,  as  it  affords  a 
portion  of  soluble  neutral  salt  afterwards  to  water.  The  remark  is 
made  by  M.  Gerhardt,  that  the  number  of  such  subsalts  is  greatly 
exaggerated,  which  is  quite  in  accordance  with  my  own  observations ; 
few  salts  combining  with  an  excess  of  oxide  in  more  than  one  or  two 
proportions.  Most  subsalts  are  entirely  insoluble  in  water,  but  when 
they  possess  a  certain  degree  of  solubility,  they  may  afford  other 
analogous  subsalts  by  double  decomposition.  Thus  a  solution  of 
bisubnitrate  of  lead,  PbO,  NOg  +  PbO,  HO,  on  the  addition  of  neu- 
tral chromate  of  potash  allows  the  red  bisubchromate  of  lead,  PbO, 
CrOg+PbO,  to  precipitate.  M.  Gerhardt,  who  observed  this  fact, 
considers  that  it  assimilates  the  nitrates  and  pyrophosphates,  and 
indicates  that  the  latter  are  ordinary  subsalts.     But  this  is  really  a 
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coincidence  of  small  importance,  while  nitric  acid  affords  no  bibasic 
hydrate,  nor  a  bibasic  salt  of  soda,  as  phosphoric  acid  does. 

Water,  oxide  of  copper,  oxide  of  lead,  and  the  hydrates  of  these 
metallic  oxides,  appear  to  be  the  bodies  most  disposed  to  attach 
themselves  to  salts  in  this  manner.  The  strong  alkalies,  potash  and 
soda,  are  never  found  in  such  a  relation,  or  discharging  any  other 
function  than  that  of  base  to  the  acid  of  the  salt.  These  views  of 
subsalts,  in  which  their  constitutional  neutrality  is  preserved,  have 
been  extended  to  organic  compounds.  Many  neutral  organic  bodies 
appear  to  be  capable  of  combining  with  metallic  oxides,  particularly 
with  oxide  of  lead — such  as  sugar,  amidin,  dextrin,  orcin,  and  they 
generally  combine  with  several  atoms  of  the  oxide.  Tluis  in  the 
compound  of  orcin  and  oxide  of  lead,  C^g  H^  O3  4  5PbO,  the  orcin 
is  combined  with  five  atoms  of  constitutional  oxide  of  lead,  which 
actually  replace  five  atoms  of  constitutional  water,  which  orcin  in  its 
ordinary  state  contains. 

Constitutional  water  is  sometimes  replaced  by  a  salt,  which  never 
happens  with  basic  water.  Thus  cane  sugar  may  be  represented  as 
C12  Hu  On,  or  rather  C24  H22  0^2;  of  which  one  atom  of  water 
may  be  replaced  by  chloride  of  sodium,  and  the  compound  formed, 
C24  H21  O21  +  NaCl.  It  is  to  be  observed  that  constitutional  water 
is  superadded  to  a  salt,  and  such  an  element  is  removed  and  replaced 
without  affecting  the  structure  of  the  body  to  which  it  is  attached. 
The  replacing  substance  may  also  be  a  compound  of  a  very  different 
character  from  water ;  for  besides  metallic  oxides  and  salts,  ammonia 
and  certain  anhydrous  acids  appear  to  be  capable  of  attaching  them- 
selves to  salts,  in  the  same  manner  as  constitutional  water. 

A  different  view  of  the  constitution  of  subsalts  is  advocated  by 
M.  Millon,  who  assumes  the  existence  of  poly-atomic  bases,  or  that 
two,  three,  four,  and  even  six  equivalents  of  water  or  a  metaUic  oxide, 
may  together  constitute  a  single  equivalent  of  base,  and  unite  as  such 
with  a  single  equivalent  of  acid  to  form  a  neutral  salt."^ 

Salts  of  the  type  of  red  chromate  of  potash. — Several  salts  unite 
with  anhydrous  acids.  Thus  both  chloride  of  sodium  and  chloride 
of  potassium  absorb  and  combine  with  two  atoms  of  anhydrous  sul- 
phuric acid  without  decomposition,  when  exposed  to  the  vapour  of 
that  substance.  Sulphate  of  potash  also  combines  with  one  atom  of 
anhydrous  sulphuric  acid.  All  these  compounds  are  destroyed  by 
water.     But  the  red  chromate  of  potash,  generally  called  bichromate 

*  Annales  de  Chimie  et  de  Physique,  xviii.  333. 
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of  potash,  wliicli  consists  of  cliromate  of  potash  together  with  one 
atom  of  cliromic  acid,  is  possessed  of  greater  stabihty,  as  is  Hkewise 
the  compound  of  chloride  of  sodium  or  potassium  with  two  atoms  of 
chromic  acid.  Another  compound  containing  one  atom  of  potash 
and  three  atoms  of  chromic  acid,  known  as  the  terchromate  of  potash, 
may  be  viewed  as  a  combination  of  chromate  of  potash  with  two 
atoms  of  chromic  acid,  and  represented  by  KO,  CrOg  +  ^CrOg.  The 
bichromate  of  potash  will  then  be  KO,  CrOg  H-CrOg,  and  the  cliromate 
containing  chloride  of  potassium,  KCl  +  ^CrOg.  The  biniodate  of 
potash  (iodate  of  water  and  potash)  may  be  rendered  anhydrous,  and, 
when  so,  is  a  salt  of  the  same  class. 

Double  salts. — Salts  combine  with  each  other,  but  by  no  means 
indiscriminately.  With  a  few  exceptions,  which  may  be  placed  out 
of  consideration  for  the  present,  the  combining  salts  have  always  the 
same  acid — sulphates  combining  with  sulphates,  chlorides  with 
chlorides.  Their  bases  or  their  metals,  however,  must  belong  to 
different  natural  families.  Thus  it  may  be  questioned  whether  a  salt 
of  potash  ever  combines  with  a  salt  of  soda,  certainly  never  with 
a  salt  of  ammonia.  Salts  of  the  numerous  metals  including  hydrogen, 
belonging  to  the  magnesian  family,  do  not  combine  together.  Thus 
sulphate  of  magnesia  does  not  form  a  double  salt  with  sulphate 
of  lime,  with  sulphate  of  zinc,  or  with  sulphate  of  water ;  while  on 
the  other  hand  salts  of  this  family  are  much  disposed  to  combine 
with  salts  of  the  potassium  family — sulphate  of  soda,  for  instance, 
forming  double  salts  with  sulphate  of  lime,  sulphate  of  zinc,  and  sul- 
phate of  water.  We  have  thus  the  means  of  distinguishing  between 
a  double  salt,  and  the  salt  of  a  bibasic  or  tribasic  acid.  The  bisul- 
phate  and  binoxalate  of  potash  saturated  with  soda,  form  sulphates 
and  oxalates  of  potash  and  soda,  which  separate  from  each  other  by 
crystallization,  although  the  acid  salts  are  themselves  double  salts  of 
water  and  potash.  But  the  acid  fulminate  of  silver,  or  the  acid 
tartrate  of  potash  (bitartrate),  affords  only  one  salt  when  saturated 
with  soda,  in  which  isomorphous  bases  exist,  and  which,  therefore, 
is  a  salt  of  one  acid,  and  not  a  compound  of  two  salts.  The  great 
proportion  of  the  salts  which  are  named  stqier,  acid  and  ^/-salts, 
contain  a  salt  of  water,  and  are  double  salts — such  as  the  supercar- 
bonate  of  soda  (HO,  COa  +  NaO,  COg),  the  bisulphate  of  potash 
(HO,  SO3  +  KO,  SO3),  and  the  binacetate  of  soda :  but  a  few  of  them 
are  bibasic  or  tribasic  salts,  containing  one  or  two  atoms  of  water  as 
base — such  as  the  salt  called  bitartrate  of  potash,  or  biphosphate 
of  potash  (2H0,  KO  +  PO5). 

From  these  observations  must  be  excepted  double  salts  formed  by 
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fusion,  and  many  salts  formed  in  highly  acid  solutions,  which  are 
scarcely  limited  in  variety  of  composition ;  carbonate  of  potash  fusing 
with  the  carbonate  or  sulphate  of  soda,  and  sulphate  of  baryta 
crystallizing  in  combination  with  sulphate  of  water,  from  solution 
in  sulphuric  acid.  Such  salts  are  decomposed  by  water,  and  are 
otherwise  deficient  in  stabihty,  compared  with  the  soluble  double 
salts,  to  which  alone  the  preceding  remarks  apply. 

There  is  no  parallelism  between  the  constitution  of  a  double  salt 
and  that  of  a  simple  salt  itself,  or  foundation  for  the  statements 
which  are  sometimes  made,  that  one  of  the  salts  which  compose  a 
double  salt  has  the  relation  to  the  other  of  an  acid  to  a  base,  and 
that  one  salt  is  electro -negative  to  the  other.  The  resolution  of 
a  double  salt  into  its  constituent  salts  by  electricity,  has  never  been 
exhibited,  and  is  not  to  be  expected,  from  what  is  known  of 
electrolytic  action;  while  no  analogy  whatever  subsists  between 
a  double  salt  and  a  simple  salt  on  the  binary  view  of  the  constitu- 
tion of  the  latter.  Besides,  the  supposed  analogy  is  destroyed  by 
what  is  known  of  the  derivation  of  double  salts.  Sulphate  of 
magnesia  acquires  an  atom  of  sulphate  of  potash  in  the  place  of  an 
atom  of  water,  wliich  is  strongly  attached  to  it,  in  becoming  the 
double  sulphate  of  magnesia  and  potash.  In  the  same  way,  the 
sulphate  of  water  has  an  atom  of  water  also  replaced  by  sulphate  of 
potash,  in  becoming  the  bisulphate  of  potash  ;  relations  which 
appear  in  the  rational  formulae  of  these  salts  : 

Sulphate  of  magnesia     ....  MgS(H)H-6H 

Sulphate  of  magnesia  and  potash     .         .  Mg  S  (K  S)  +  6H 

Sulphate  of  water  (acid  of  sp.  gr.  1.78)     .  H  S  (H) 

Bisulphate  of  potash      .         .         .         .  H  S  (K  S) 

It  thus  appears  that  a  provision  exists  in  sulphate  of  magnesia 
itself  for  the  formation  of  a  double  salt,  and  that  the  molecular 
structure  is  unaltered,  notwithstanding  the  assumption  of  the  sul- 
phate of  potash  as  a  constituent.  Tlie  derivation  of  the  acid  oxalates 
likewise  throws  much  hght  on  the  nature  of  double  salts.  The 
oxalate  of  potash  contains  an  atom  of  constitutional  water,  which  is 
replaced  by  hydrated  oxaHc  acid  (the  crystallized  oxalate  of  water), 
in  the  formation  of  the  binoxalate  of  potash  (double  oxalate  of  potash 
and  water),  or  by  the  oxalate  of  copper  in  the  formation  of  the  double 
oxalate  of  potash  and  copper,  as  exhibited  in  the  follo\\'ing  formulae, 
in  which  the  replacing  substances  are  enclosed  in  brackets  to  mark 
them  as  before : 
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Oxalate  of  potash      .         .         .         .     K  CC,  (H) 
Binoxalate  of  potash  .         .         .         .     K  CC,  (H  CC  Hg) 
Oxalate  of  potash  and  copper       .         .     K  CC,  (Cu  CC  Hg) 

Now  the  anomalous  salt,  quadroxalate  of  potash,  is  derived  in  the 
same  way  from  the  binoxalate,  as  the  binoxalate  itself  is  derived 
from  the  neutral  oxalate,  two  atoms  of  water  being  displaced  by  two 
atoms  of  hydrated  oxahc  acid,  thus  : 

Binoxalate  of  potash       .         .         K  CC,  H  CC,  (2H) 
Quadroxalate  of  potash  .         .         K  CC,  HCC,  (2HCCH2) 

These  examples  illustrate  the  derivation  of  double  salts  by 
substitution.  The  structure  of  the  salts,  too,  exemphfies  what 
may  be  called  consecutive  combination.  The  basis  of  the  last 
mentioned  salt,  for  instance,  is  oxalate  of  potash,  which  is  in  direct 
combination  with  oxalate  of  water.  A  compound  body  is  thus 
produced  which  seems  to  unite  as  a  whole  with  two  atoms  of 
hydrated  oxalic  acid.  Tlus  is  very  different  from  the  direct  com- 
bination of  all  the  elements  which  compose  the  salt. 

In  the  formation  of  many  other  classes  of  double  salts,  no  substi- 
tution is  observed,  but  simply  the  attachment  of  two  salts  together, 
often  of  an  anhydrous  with  a  hydrated  salt,  in  which  case  the  last  often 
carries  its  combined  water  along  with  it,  and  sometimes  acquires  an 
additional  proportion.  Thus  in  the  formula  of  the  double  chloride  of 
potassium  and  copper,  K  CI  +  Cu  CI,  2H0,  the  formulae  of  its  consti- 
tuent salts  reappear  without  alteration ;  and  in  that  of  alum,  sulphate 
of  potash  is  found  with  the  hydrated  sulpbate  of  alumina  annexed, 
of  which  the  water  is  increased  from  eighteen  to  twenty-four  atoms. 
In  these  and  all  other  double  salts,  the  characters  of  the  constituent 
salts  are  very  Httle  affected  by  their  state  of  union.  If  one  of 
them  has  an  acid  reaction,  like  sulphate  of  alumina  or  chloride  of 
copper,  it  retains  the  same  character  in  combination;  and  nothing 
resembling  a  mutual  neutralization  of  the  salts  by  each  other  is  ever 
observed.  No  heat  is  evolved  in  their  formation.  (Memoirs  of  the 
Chemical  Society,  ii.  51). 

The  compounds  of  chlorides  with  chlorides,  and  of  iodides  with 
iodides,  are  numerous,  and  were  viewed  by  Bonsdorf  as  simple  salts, 
in  which  one  of  the  clilorides  is  the  acid,  and  the  other  the  base. 
But  such  an  opinion  can  no  longer  be  entertained,  the  chlorides 
themselves  being  unquestionably  salts,  and  their  compounds,  there- 
fore, double  salts. 
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The  combinations  of  such  salts  with  each  other  as  contain 
different  acids  are  not  so  well  understood,  the  theory  of  their  forma- 
tion having  hitherto  been  little  attended  to.  They  are  in  general 
decomposed  by  water,  and  easily,  if  the  solubility  of  one  of  their 
constituents  is  considerable,  as  is  observed  of  the  compounds  of 
iodate  of  soda  with  one  and  with  two  proportions  of  chloride  of 
sodium,  of  the  biniodate  of  potash  with  the  sulphate  of  potash, 
of  the  oxalate  of  lime  with  the  chloride  of  calcium. 

The  compound  cyanides,  which  form  a  considerable  class  of 
salts,  must  be  excepted  from  all  the  preceding  general  statements 
in  regard  to  double  salts.  Cyanides  of  the  same  family  combine 
together,  as  cyanide  of  iron  with  cyanide  of  hydrogen ;  the  com- 
pound cyanide  also  generally  consists  of  three  and  not  of  two  simple 
cyanides  ;  and  lastly,  the  properties  of  compound  cyanides  are  very 
different  from  those  of  the  simple  cyanides  which  are  supposed  to 
compose  them.  The  simple  cyanide  of  potassium,  for  instance,  is 
higlily  poisonous,  while  the  double  cyanide  of  potassium  and  iron 
is  as  mild  in  its  action  upon  the  animal  economy  as  sulphate  of  soda. 
But  the  compound  cyaiddes  may  be  removed  from  the  class  of  double 
salts,  on  a  speculative  view  of  their  constitution  which  their  anomalous 
character  led  me  to  propose.  It  is  to  be  premised  that  the  supposed 
double  proto-cyanide  of  iron  and  potassium  (yellow  prussiate  of 
potash)  affords  no  hydrocyanic  acid  whatever  when  distilled  with  an 
excess  of  sulphuric  acid  at  a  temperature  not  exceeding  100*^;  which 
suggests  the  idea  that  it  does  not  contain  cyanides  or  cyanogen. 
Assuming  the  existence  of  a  new  compound  radical,  Ng  Cg,  which 
has  three  times  the  atomic  weight  of  cyanogen,  and  may  be  called 
jirussine^  and  which  is  also  trihasylous  or  capable  of  combining  with 
three  atoms  of  hydrogen  or  metal,  like  the  radical  of  the  tribasic 
class  of  phosphates,  then  the  compound  cyanides  assume  a  constitu- 
tion of  extreme  simpHcity.  We  have  one  atom  of  prussine  combined 
always  with  three  atoms  of  hydrogen  or  metal  in  the  following  salts ; 
in  the  proto-cyanide  of  iron  and  potassium  with  one  of  iron  and  two 
of  potassium ;  in  the  compound  called  ferro-cyanic  acid,  with  one 
of  iron  and  two  of  hydrogen ;  in  Mosander's  salts,  with  one  of  iron, 
one  of  potassium  and  one  of  barium,  calcium,  &c. ;  with  two  of  iron 
and  one  of  potassium  in  the  salt  wliich  precipitates  on  distilHng  the 
yellow  prussiate  of  potash  with  sulphuric  acid  at  212''.  To  many  of 
these,  parallel  combinations  might  be  adduced  from  the  tribasic 
phosphates.  Prussides  likewise  combine  together,  producing  double 
prussides,  such  as 


CONSTITUTION  OF  SALTS. 


201 


re^, 

N3 

C6+K3, 

N3 

Ce 

re^, 

N3 

C,+Ve„ 

N3 

Ce 

re„ 

N3 

C6  +  Pe3, 

N3 

Cfi+Fe, 

O3 

Percyanide  of  iron  and  potas- 
sium (red  prussiate of  potash) 
Prussian  blue 
Basic  Prussian  blue 

Forniatioti  of  salts  hy  substitution. — Chemists  have  come  to 
pronounce  less  decidedly  on  theories  of  the  constitution  of  salts  and 
the  arrangement  of  elements  in  these  and  other  compounds^  since 
their  attention  has  been  fixed  upon  the  formation  of  compounds,  by 
the  substitution  of  one  element  for  another,  without  injury  to  the 
original  form  or  type,  and  often  to  give  a  preference  to  empirical  over 
rational  formulae,  while  their  opinions  on  chemical  constitution  were 
suspended.  The  elementary  composition  of  oil  of  vitriol,  or  the 
hydric  sulphate,  is  expressed  by  SO4  H ;  the  sulphate  type,  and  other 
neutral  sulphates,  are  formed  by  replacing  the  hydrogen  by  a  metal ; 
the  zinc  sulphate,  SO4  Zn ;  the  soda  sulphate,  SO4  Na.  M.  Gerhardt, 
assuming  as  a  law  that  the  equivalent  of  all  compound  bodies  gives 
two  volumes  of  vapour,  divides  the  equivalents  of  the  following 
elements  by  two — nitrogen,  phosphorus,  chlorine,  hydrogen,  and  all 
the  metals ;  and  is  thereby  enabled  to  construct  substitution  formulae, 
which  are  often  remarkable  for  their  simplicity.  This  will  appear  in 
the  following  selected  formulae  :  — 

PORMULiE  BY  M.  GeRHARDT. 

(0  =  8,  S  =  16;  the  other  symbols  =  half  the  usual  equivalents.) 

I.    NITRATES. 


Hydric  nitrate . 
Magnesia  nitrate 
Potash  nitrate  . 


Hydric  sulphate 
Magnesia  sulphate 
Potash  sulphate 
Potash  bisulphate 


.  NO4H 

.  NO^Mg 

.  NO4K 

II.    SULPHATES. 

.  SO4  H2 

.  SO^Mg^ 

.  S04K2 

.  SO4  KH 


Monobasylous 
salts. 


V  Bibasylous  salts. 


III.   TRIBASIO  PHOSPHATES. 


Hydric  phosphate 
Subphosphate  of  soda 
Phosphate  of  soda 
Biphosphate  of  soda . 


PO4H3 

PO4  Na3 
PO4  Na2  n 
PO^Na   HJ 


-  Tribasylous  salts. 
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The  preceding  groups  are  symbolized  without  any  division  of  the 
equivalents  used ;  but  M.  Gerhardt  departs  from  tliis  practice,  when 
necessary,  in  the  unitary  system  of  notation  which  he  recom- 
mends : — 

Anhydrous  alum         .         ,         .         .     SO^  (K,  AIJ 
Pyrophosphate  of  soda         .         .         .     PO^  (Na„) 
Subphosphate  of  soda  +  HO         .         .     PO^  (Nag  H) 

Although  a  rational  formula,  strictly  speaking,  expresses  no  more 
than  a  decomposition, — and  the  rational  formulae  of  a  compound 
may  truly,  therefore,  be  as  numerous  as  the  modes  of  decomposition 
of  which  it  is  susceptible, — still  much  would  undoubtedly  be  lost  by 
abandoning  such  formulae  for  formulae  which  are  entirely  empirical; 
unless,  indeed,  it  is  found  that  the  uniform  practice  of  exhibiting  the 
leading  constituent,  in  the  proportion  of  a  single  equivalent,  should 
bring  together  dijfferent  bodies  under  common  formulae,  which  are 
types  of  useful  classification,  as  M.  Gerhardt  maintains. 

Salts  of  Ammonia, — Ammonia  is  a  gaseous  compound  of  one 
equivalent  of  nitrogen  and  tliree  of  hydrogen,  of  wliich  the  solution 
in  water  is  caustic  and  alkaline,  and  which  neutralizes  acids  perfectly, 
as  potash  and  soda  do.  But  all  its  oxygen-acid  salts  contain,  besides 
ammonia,  an  equivalent  of  water  which  is  essential  to  them,  and 
inseparable  without  the  destruction  of  the  salt ;  and  with  this 
additional  constituent  they  are  isomorphous  with  the  salts  of  potash. 
Hydro -cliloric  acid  also  unites  with  ammonia  without  losing  its 
hydrogen,  and  the  compound  or  hydrochlorate  of  ammonia,  which  is 
isomorphous  with  the  cMoride  of  potassium,  contains,  therefore,  an 
equivalent  of  hydrogen,  besides  chlorine  and  ammonia.  On  the  now 
generally  received  theory  of  these  salts,  the  ammonia  with  this  hydrogen, 
or  that  of  the  water  in  the  oxygen-acid  salts,  constitutes  a  hypothe- 
tical hD.sy\,  anunoniiim  (NHJ,  to  which  allusion  has  already  been  made 
as  being  isomorphous  with  potassium.  This  view  of  the  constitution 
of  the  salts  of  ammonia  will  be  made  obvious  by  a  few  examples  : — 

ON  THE  AMMONIUM  THEORY. 

Hydrochlorate  of  ammonia,  HN3,  HCl   ...    Chloride  of  ammonium,  NH4,  CI 
Sulphate  of  ammonia,  NH3,  HO,  SO3    . . .    Sulphate  of  oxide  of  ammonium,  NH^  0,  SO3 
Nitrate  of  ammonia,  NH3  HO,  NO5       . . .    Nitrate  of  oxide  of  ammonium,  NH^  0,  NO5 

Tlie  application  of  this  theory  to  the  compounds  of  ammonia  with 
hydrosulphuric  acid  and  sulphur  is  particularly  felicitous.     These 
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compounds  may  be  thus  represented,  and  placed  in  comparison  with 
their  potassium  analogues,  NH4  being  equivalent  to  K : — 

Sulphide  of  ammonium     .         .  NH4  S  .  .  KS 

Sulphide  of  ammonium  and  hy- 
drogen    (bihydrosulphate    of 

ammonia)    ....  NH4  S,  HS  .  .  KS,  HS 

Tritosulphide  of  ammonium       .  NH4  S3         .  .  KS3 

Pentasulphide  of  ammonium      .  NH4  S5         .  .  KS5 

Ammonium  is  supposed  to  present  itself  in  a  tangible  form,  and  in 
possession  of  metalhc  characters,  in  the  formation  of  what  is  called 
the  ammoniacal  amalgam.  When  mercury  alloyed  with  one  per 
cent,  of  sodium  is  poured  into  a  saturated  cold  solution  of  sal  ammo- 
niac (cliloride  of  ammonium),  it  undergoes  a  prodigious  increase 
of  bulk,  expanding  sometimes  from  one  volume  to  two  hundred 
volumes,  without  becoming  in  the  least  degree  vesicular,  and  acquir- 
ing a  butyraceous  consistence,  while  its  metallic  lustre  is  not  im- 
paired. A  small  addition  is  at  the  same  time  made  to  its  weight, 
estimated  at  from  1  part  in  2000  to  1  in  10,000,  which  certainly 
consists  of  ammonia  and  hydrogen  in  the  proportions  of  ammonium. 
The  sodium,  it  is  supposed,  combines  with  the  chlorine  of  chloride 
of  ammonium,  and  the  liberated  ammonium  with  mercury,  so  that 
the  metallic  product  is  an  amalgam  of  ammonium.  It  speedily  re- 
volves itself  again  spontaneously  into  running  mercury,  ammonia, 
and  hydrogen,  unless  the  temperature  be  reduced  so  far  as  to  freeze 
it.  After  all,  however,  neither  isolation  nor  the  metallic  character  is 
essential  to  ammonium  as  an  alkaline  radical,  other  basyls  being  now 
admitted,  such  as  ethyl  and  benzoyl,  which  have  no  claim  to  such 
characters. 

Other  classes  of  ammoniacal  salts  may  be  formed  in  which  the 
fourth  equivalent  of  hydrogen  in  ammonium  is  replaced  by  a  metal 
of  the  magnesian  family, — by  copper  in  particular,  which  most 
resembles  hydrogen.  Thus  anhydrous  chloride  of  copper  absorbs  a 
single  equivalent  of  ammonia  with  great  avidity  and  the  evolution  of 
much  heat,  wliicli  cannot  afterwards  be  separated  from  it  by  the 
agency  of  heat.  The  compound  appears  to  be  strictly  analogous  to 
chloride  of  ammonium,  but  contains  an  equivalent  of  copper  in  the 
place  of  hydrogen.  Its  formula  is  NH3  Cu,  CI,  and  it  may  be  named 
the  cliloride  of  cuprammonium.  This  salt  and  many  others  are 
likewise  capable  of  combining  with  more  ammonia,  which  is  retained 
less  strongly,  and  has  the  relation  of  constitutional  water  to  the  salt. 
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The  constitution  of  these  combinations  will  be  more  minutely  con- 
sidered in  other  parts  of  the  work. 

Amidogen  and  amides. — The  existence  of  another  compound  of 
nitrogen  and  hydrogen  (NH2)^  containing  an  equivalent  less  of  hy- 
drogen than  ammonia,  is  recognised  in  an  important  series  of  saline 
compounds,  although  it  has  not  been  isolated.  These  compounds 
are  called  amides,  and  hence  the  name  amidogen  applied  to  their 
radical.  When  potassium  is  heated  in  ammoniacal  gas,  the  metal  is 
converted  into  a  fusible  green  matter,  which  is  the  amide  of  potassium, 
while  an  equivalent  of  hydrogen  is  disengaged.  Amidogen  exists  also 
in  the  white  precipitate  of  mercury  formed  on  adding  ammonia  to 
corrosive  sublimate,  the  product  being  a  double  cliloride  and  amide 
of  mercury  (Hg  Cl  +  Hg  NHg). 

Amides  are  produced  in  an  interesting  way,  by  the  abstraction  of 
the  elements  of  water  from  compounds  of  ammonia  with  oxygen 
acids.  Thus,  on  decomposing  oxalate  of  ammonia  by  heat,  the  acid 
losing  a  proportion  of  oxygen,  and  the  ammonia  a  proportion  of 
hydrogen,  oxamide  sublimes,  which  consists  of  NH2  +  2C0.  When 
ammoniacal  gas  and  anhydrous  sulphuric  acid  vapour  are  mixed 
together,  a  saline  substance  is  produced  which  dissolves  in  water, 
but  is  not  sulphate  of  ammonia,  the  solution  affording  no  indications 
of  sulphuric  acid.  It  is  beheved  to  be  a  hydrated  sulphamide,  or  to 
be  constituted  thus,  NH2,  SO2  +  HO ;  a  compound  which  it  will  be 
observed  contains  neither  ammonia  nor  sulphuric  acid.  Similar 
products  result  from  the  action  of  ammonia  on  dry  carbonic  acid 
and  all  the  other  anhydrous  oxygen  salts.  The  difference  between 
these  compounds  and  the  true  salts  of  ammonia  affords  an  argument 
in  favour  of  the  ammonium  theory  of  the  latter. 
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Tormulse  for  compounds  may  be  constructed  to  exhibit  the 
attraction  of  the  ultimate  elements  for  each  other  wdthout  involving 
any  contested  theory  of  the  constitution  of  compounds,  and  which 
indeed  might  supersede  the  consideration  of  such  views,  were  it  not 
that  the  nomenclature,  which  it  would  be  inconvenient  to  alter 
greatly,  is  founded  upon  the  latter.  A  certain  amount  of  information 
is  given  in  the  ordinary  formulae  by  the  arrangement  of  the  symbols, 
the  symbol  of  the  basylous  or  positive  constituent  being  placed  before 
the  symbol  of  the  halogenous  or  negative  constituent,  as  in  HO  for 
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water,  SO3  for  sulphuric  acid.  To  carry  out  this  principle  farther, 
and  make  its  application  -more  perspicuous,  I  have  suggested  the 
writing  of  a  formula  in  two  lines,  placing  all  the  negative  constituents 
in  the  upper,  and  the  positive  in  the  lower  line : — 


Potash    . 


0 
K 

0 

Water     .     .  

H 

Sulphuric  acid    

S 

N 

Ammonia    .     .  

H3 

N 

H4 

Olefiant  gas .  

O2 

Carbonic  oxide    

C, 

Oa  0 

Hydric  oxalate  

Ca  H 

Cyanogeu 


From  their  construction  these  formulae  are  named  antithetic,  the  two 
orders  of  constituents  being  placed  opposite  or  against  each  other  \ 
QY  polar  J  from  exhibiting  the  opposite  attractive  forces  of  the  elements. 
Several  decompositions  already  referred  to,  and  others,  may  be  made 
more  intelligible  by  their  aid. 

Decomposition  of  ammoniacal  salts. — In  the  decomposition  of 
oxalate  of  ammonia  and  formation  of  oxamide,  the  change  consists  in 
the  abstraction  of  two  equivalents  of  water  from  the  constituents  of 
the  salt :  the  formulae  being — 

Oxalate  of  ammonia = oxamide. 

H3H  C2        H2       H2  C2 

The  interesting  observation  has  lately  been  made  by  M.  Dumas,  that 
by  distillation  with  anhydrous  phosphoric  acid,  four  equivalents  of 
water  are  separated  from  oxalate  of  ammonia,  and  cyanogen  formed. 
Supposing  that  the  formation  of  oxamide  precedes  this  last  decom- 
position, we  have — 

N  O2       O2       N 

Oxamide       .         .         . =  —  cyanogen. 

H2  C2       H2       Cj 

It  is  seen,  that  although  we  cannot  say  that  water  exists  either  in 
oxalate  of  ammonia  or  in  oxamide,  still  40  is  negative  and  4H  posi- 
tive in  the  first  of  these  substances,  and  20  negative  with  2H  positive 
in  the  second  the  relation  which  these  elements  bear  to  each  other 
in  water.  The  polar  relation  of  these  elements,  therefore,  does  not 
require  to  be  subverted,  when  they  are  led  to  unite  and  take  the  form 
of  water,  under  the  influence  of  the  attraction  of  phosphoric  acid  for 
that  oxide.  It  is  manifestly  a  law  of  decomposition  that  those  de- 
compositions take  place  most  readily  which  permit  the  elements  to 
continue  in  their  original  polar  condition  and  position  in  the  formulae; 
the  explanation  being,  that  such  decompositions  are  promoted  by  the 
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peculiar  attractions  of  the  ultimate  elements  for  eacli  other  as  they 
exist  in  the  original  compounri ;  or  the  compound  molecule  is  broken 
up  in  the  direction  in  which  it  naturally  divides. 

The  decomposition  by  phosphoric  acid  of  other  salts  of  ammonia 
containing  acids  related  to  the  alcohols,  illustrates  the  same  constancy 
of  polar  relation  in  the  elements  before  and  after  the  change.  Thus, 
formiate  of  ammonia  gives  hydrocyanic  acid  by  the  abstraction  of 
four  equivalents  of  water  : — 

N  OHO3       O4       NH 

Pormiate  of  ammonia =  hydrocyanic  acid. 

H3  H  C2         H4         C2 

Here  the  hydrogen  of  hydrocyanic  acid  is  represented  as  negative, 
and  it  can  certainly  be  replaced  by  clilorine,  a  negative  element,  and 
the  chloride  of  cyanogen  formed  : — 

NH  NCI 

Hydrocyanic  acid  .     .  Chloride  of  cyanogen      .  

C2  C2 

With  a  metallic  oxide,  however,  hydrocyanic  acid  gives  a  cyanide, 
and  then  the  hydrogen  appears  positive — 

N  .  .  N 

Hydrocyanic  acid  .     .  Cyanide  of  silver 


C2H  C2  Ag 

But  hydrocyanic  acid  is  in  the  lowest  degree  feeble  in  its  powers  as 
an  acid,  or  as  cyanide  of  hydrogen,  and  its  hydrogen  appears  to  be 
just  on  the  limit  between  the  basylous  and  halogenous  character  and 
position. 

Acetate  of  ammonia  distilled  with  phosphoric  acid  also  loses  four 
equivalents  of  water,  like  all  the  ammoniacal  salts  in  question,  and 
gives  the  cyanide  of  methyl : — 

Acetate  of  ammonia  ^^  -  ^^  =  ^^  cyanide  of 
H3H    C4  H4       C2    C2        ^^%1- 

The  chloracetate  of  ammonia  in  losing  4H0  gives  a  hquid  body 
of  the  composition  C4CI3N  : — 

N  OO3CI3       O4       CLCIN 

Chloracetate  of  ammoma    . = 

H3H    C,  H,       C,    C, 

Here  the  single  negative  H  of  hydrocyanic  acid  is  also  under  the 
positive  attraction  of  the  C2  of  the  hydrocarbon,  C2  H2,  a  cross 
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attraction,  wliicli  forms  a  bond  of  union  between  the  hydi-ocyanic  acid 
and  hydrocarbon,  and  supports  the  equilibrium. 

Why  is  ammonia  a  base  ? — Of  ammonia  and  hydrochloric  acid 
the  antithetic  formulae  are — 

N  CI 

—   and  — 
H3  H 

There  can  be  little  doubt  but  that  when  these  bodies  are  united, 
the  higldy  negative  chlorine  shares,  or  assumes  entirely,  the  positive 
attraction  of  the  third  equivalent  of  hydrogen  in  ammonia,  which 
there  is  reason  to  believe  is  less  powerfully  attracted  or  neutralized 
by  the  negative  nitrogen  than  the  other  two  equivalents  of  hydrogen. 
We  thus  obtain  the  following  formula : — 

N  CI 

Hydrochlorate  of  ammonia         .         .         .     

H2  H2 

Now  the  acid  character  of  hydrochloric  acid,  which  is  neutralized 
in  the  salt,  depends  upon  the  former  substance  being  a  compound 
in  which  a  powerful  salt-radical,  chlorine,  is  united  with  a  weak 
basyl,  hydrogen.  With  a  powerful  basyl,  such  as  potassium,  chlorine 
gives  a  neutral  salt,  the  cliloride  of  potassium.  But  it  is  probable 
that  the  subchloride  of  hydrogen,  H2CI,  if  it  could  exist  in  a  separate 
state,  would  be  an  equally  neutral  salt,  for  hydrogen  belongs  to  the 
magnesian  class  of  elements,  two  atoms  of  which  appear  to  be  equi- 
valent to  one  atom  of  the  potassium  class,  or  HgCl  to  be  equivalent 
to  KCl,  and  possibly  isomorphous  with  it.  One  atom  of  nitrogen 
there  are  also  grounds  for  believing  to  be  equivalent  in  composition 

to  two  atoms  of  oxygen,  or  ^=20.      Hence  the  compound  .-j-has 

a  character  of  saturation,  or  polar  neutralization,  like  -— ?  or  two 

equivalents  of  water.  In  ammonia,  therefore,  the  third  basylous 
atom  of  hydrogen  may  well  be  considered  as  unsaturated,  and  to  be 
what  imparts  a  basylous  or  positive  character  and  activity  to  the  com- 
pound. In  metallic  oxides  which  are  bases,  we  have  also  the  positive 
property  of  the  metal  imperfectly  saturated  by  the  weak  negative 
body  oxygen,  and  the  positive  attraction  therefore  in  excess. 

In  the  oxygen  acids,  on  the  contrary,  there  is  an  excess  of  negative 
attraction  from  the  predominance  of  the  oxygen  element,  and  it  is 
remarkable  that  in  the  more  powerful  acids,  such  as  sulphuric,  nitric, 
and  chloric,  one  equivalent  of  this  oxygen  is  but  feebly  united,  and 
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its  negative  attraction  free  to  act,  like  the  positive  attraction  of  the 
tliird  equivalent  of  hydrogen  in  ammonia.  Hence  ammonia  and 
anhydrous  sulphuric  acid  readily  combine  : — 


N          OO2 

N   0  O2 

+ 

=  

H2  H          S 

H2H  S 

From  the  action  of  the  affinities  exhibited  in  the  last  formula,  a 
stable  equilibrium  results ;  but  it  is  not  intended  to  express  that 
amidogen_,  water,  and  sulphurous  acid,  exist  ready  formed  in  the 
compound.  Indeed,  in  no  case  do  the  formulse  express  actual  for- 
mation of  subordinate  compounds,  or  anything  more  than  what  are 
considered  to  be  the  predominating  set  of  attractions  among  all  the 
possible  attractions  which  the  elements  have  for  each  other,  and  all 
of  wliich  they  continue  to  exert  in  some  degree. 

In  sulphate  of  oxide  of  ammonium,  the  affinities  of  equilibrium 
are  those  of  the  elements  of  amidogen,  suboxide  of  hydrogen,  and 
sulphuric  acid : — 

Sulphate  of  Ammonia. 

N    O    O3 


iituent 

sof 

Sulphate  of  Ammonia. 

N 

0 

0. 

H3 

4- 

If 

+ 

s 

H2  H2  s 


In  this  and  all  the  other  oxygen-acid  salts  of  ammonia,  the  highly 
alkaline  oxide  HgO  appears,  and  constitutes  the  point  of  attachment 
for  the  acid.  Other  sources  of  stability  in  the  sulphate  of  ammonia 
are — first,  the  attraction  of  N  for  its  third  atom  of  hydrogen,  wliich 
is  never  entirely  relinquished,  although  the  latter  is  more  under  the 
influence  of  the  0  of  the  water ;  and,  secondly,  the  attraction  of  the 
O3  of  the  sulphuric  acid  for  the  basylous  H2:  for  these  cross 
attractions  prevent  the  division  of  the  compound  into  subordinate 
compounds  under  the  influence  of  the  predominating  affinities  first 
enumerated.  Tliis  salt  may  be  taken  as  a  fair  example  of  the  assumed 
mode  of  formation  of  compounds,  in  which  the  affinities  of  the 
elementary  atoms  only  are  operative,  to  the  entire  exclusion  of  the 
affinities  usually  assigned  to  subordinate  groups  of  elements  acting 
as  compound  radicals  or  quasi-elements. 

Why  are  arsenic  and  phosphoric  acids  trihasici — Phosphoric 
acid,  PO5,  may  be  considered,  from  its  properties  and  mode  of  for- 
mation, as  phosphorous  acid,  PO3  +  two  equivalents  of  oxygen  less 
strongly  combined ;  and  in  the  same  way,  arsenic  acid.  As  O5,  as 
arsenious  acid,  As  O3  +  two  equivalents  of  oxygen.     Now,  when 
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united  with  a  base,  which  we  shall  suppose  a  metallic  protoxide,  RO, 
these  two  surplus  equivalents  of  oxygen  in  the  phosphoric  acid,  added 
to  the  single  equivalent  of  oxygen  in  the  base,  convert  an  equivalent 
of  the  latter  into  an  acid  of  the  formula  RO3.  Two  more  equivalents 
of  base  are  required — one  to  neutralize  this  RO3,  and  the  other  to 
neutralize  the  phosphorous  acid,  PO3 ;  making  three  equivalents  of 
base  to  every  single  equivalent  of  phosphoric  acid.  The  general 
formula  for  a  so-called  tribasic  phosphate  is,  therefore — 


Phosphate 


0   O3  O   O3 


E   E  E   P 

and  resembles  a  double  sulphate,  EO,  SO3-I-EO,  SO3. 

0    0,  O    0, 


Tribasic  subphosphate  of  Hme  (3Ca  O,  PO5) 


'3    ^     ^3 


Ca   Ca   Ca  P 


Phosphoric  acid  appears  farther  to  have  the  power,  when  heated 
strongly,  of  assuming  the  two  equivalents  of  oxygen  referred  to  into 
a  more  intimate  state  of  combination,  possibly  with  the  loss  of  a 
portion  of  combined  heat,  and  gives  the  class  of  monobasic  meta- 
phosphates.     The  general  formula  of  a  metaphosphate  is — 

O  O5 
Metaphosphate  .....     

A  pyrophosphate,  or  so-called  bibasic  phosphate,  is,  on  this  view, 
a  compound  of  a  common  phosphate  and  metaphosphate : — 

O    O3  0    O3  O    O5 

Pyrophosphate         .         .     +      

^    ^      ^  E    E    E    P  E    P 

Hence  the  equivalent  of  a  pyrophosphate  contains  four  equivalents  of 
base  and  two  of  phosphoric  acid — the  reason  why  so  many  double 
pyrophosphates  appear  to  exist. 

Phosphoric  acid  is  thus  supposed  to  resemble  those  conjugate 
organic  acids  which  combine  with  two  equivalents  of  base,  because 
they  possess  the  elements  of  two  different  acids. 
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Since  the  existence  of  simple  relations  between  the  combining 
volumes  of  gaseous  bodies  was  ascertained  by  Gay-Lussac,  various 
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attempts  have  been  made  to  establish  similar  relations  between  the 
measures,  as  well  as  the  weights,  in  which  bodies,  in  the  liquid  and 
sohd  form,  enter  into  combination.  If  the  atoms  of  all  elements 
had,  in  the  sohd  form,  the  same  bulk,  their  specific  gravities  would 
be  regulated  by  their  atomic  weights,  and  be  in  the  same  proportion. 
It  was  early  observed  by  M.  Dumas,  that  a  close  approximation  to 
this  simple  ratio  holds  among  the  specific  gravities  of  a  considerable 
number  of  isomorphous  bodies ;  but  it  is  by.no  means  general.  The 
subject  has  received  its  fullest  investigation  from  Professor  Schroeder 
of  Mannheim,"^  Dr.  Hermann  Koppt  of  Giessen,  and  Messrs.  Play  fair 
and  Joule.  {  Much  information  has  been  collected,  and  many  curious 
relations  in  the  specific  gravities  of  particular  bodies  pointed  out; 
but  the  general  deductions  drawn  can,  in  general,  claim  only  a  certain 
degree  of  probabiHty.  Much  of  the  uncertainty  arises  from  the 
specific  gravity  of  a  body  in  the  sohd  form  being  often  variable  be- 
tween rather  wide  limits.  Thus  platinum,  in  a  pulverulent  state, 
reduced  from  its  oxide  and  from  the  double  chloride  of  platinum  and 
ammonium  respectively,  is  found  to  have  the  specific  gravity  17*766 
in  the  first  case,  and  21*206  in  the  second,  (Playfair  and  Joule) ; 
and  the  effect  of  compression  upon  the  malleable  metals  is  generally 
very  sensible.  As  the  rate  of  dilatation  of  different  soHds  aiid  liquids 
by  heat  is  very  dissimilar,  it  is  obvious  their  relations  in  density  may 
also  be  disturbed  or  disguised  by  temperature. 

At  present,  I  shall  confine  myself  to  a  summary  of  the  results  of 
M.  Kopp  on  this  subject,  which  partake  least  of  a  speculative  cha- 
racter. The  atomic  volume,  which  I  substitute  for  the  specific 
volume  of  Dr.  Kopp,  in  the  following  tables,  is  the  volume  or  measure 
of  an  equivalent  or  atomic  proportion  of  the  different  substances 
enumerated.  The  calculated  density  is  obtained  by  dividing  the 
atomic  weight  by  this  volume.  Thus  an  equivalent  of  mercury,  1266 
parts  by  weight,  has  the  volume  93  assigned  to  it.  Now  1266, 
divided  by  93,  gives  13*6  as  the  "  calculated"  specific  gravity, 
which  coincides  with  the  specific  gravity  of  mercury  actually  observed 


*  Die  Molecularvolume  der  chemisclien  Verbindungen  im  festen  und  flussigen  Zustande : 
Mannheim,  1843. 

t  Bemerkungen  zur  Volumtheorie,  Braunschweig,  1844 ;  Aunales  de  Chimie  et  de 
Physique,  2e  Ser.  T.  Ixxv.  and  3e  Ser.  T.  iv.  p.  46^2. 

X  Memoirs  of  the  Chemical  Society  of  London,  vol.  ii.  p.  401 ;  vol.  iii.  pp.  57  and  199. 
Also,  a  paper  on  the  Constitution  of  Aqueous  Solutions  of  Acids  and  Alkalies,  by  Mr. 
J.  J.  Griffin;  ibid.  p.  155. 
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by  Kupffer  and  others.  The  atomic  volume  for  oxygen  will  after- 
wards appear  to  be  16,  or  a  multiple  of  that  number,  and  is  the 
modulus  of  the  scale. 


Table  I. 
Atomic  Volume  and  Specific  Gravity  of  Elements, 


Substances. 

It 
o  "S 

imitive 

tomic 

olume. 

II 

Observed  Specific  Gravity. 

<$ 

^O 

Antimony . . . 

Sb 

806 

120 

6-72 

6-70  Karsten;  6-6  Breithaupt;  6-85  Mus- 
chenbroeck. 

Arsenic  

As 

470 

80 

5-87 

5-70,  5-96  Guibourt;  5'62  Karsten;  5-67 
Herapath. 

Bismuth    . . . 

Bi 

1330 

135 

9-85 

9-88  Thenard;  2*83  Herapath;  965  Karsten. 

Bromine    . . . 

Br 

489 

160 

3-06 

2-99Loewig;  2-97  Balard. 

Cadmium  ... 

Cd 

697 

81 

8-60 

8-66  Herapath;  8-63  Karsten,  Kopp;  8-60 
Stromeyer. 

Chlorine    . . . 

CI 

221 

160 

1-38 

1-33  Faraday. 

Chromium.. 

Cr 

352 

69 

5-10 

5-10  Thomson. 

Cobalt  

Co 

369 

44 

8-39 

8-49  Brunner;  8-51  Berz.;  8-71  Lampadius. 

Copper  

Cu 

396 

44 

9-00 

8-96  Berzelius ;  9-00  Muscheub. ;  872  Kar- 
sten. 
About  0-9  Faraday. 

Cyanogen  ... 

Cy 

165 

160 

1-03 

Gold 

Au 

1243 

65 

19-1 

19-26  Brisson. 

Iridium 

Ir 

1233 

57 

21-6 

19-5  Mobs ;  23-5  Breithaupt. 

Iodine  

I 

789 

160 

4-93 

4-95  Gay-Lussac. 

Iron 

Fe 

339 

44 

7-70 

7-6,  7-8Broling;  7-79  Karsten. 

Lead 

Pb 

1294 

114 

11-35 

11-33  Kupffer;  1139  Karsten;  1135  Hera- 
path. 

Manganese . . 

Mn 

346 

44 

7-86 

803  Bachmann ;   8*01  John. 

Mercury    . . . 

Hg 

1266 

93 

13-6 

13-6  Kupffer,  Karsten,  Cavallo. 

Molybdenum 

Mo 

599 

69 

8-68 

8-62,  8-64  Bucholz. 

Nickel  

Ni 

370 

44 

8-41 

8-40  Tourte  ;  8-38  Tupputi ;  8-60  Brunner. 

Osmium    . . . 

Os 

1244 

57 

21-8 

Native ;  19-5  (?)  Thenard. 

Palladium... 

Pd 

666 

57 

11-7 

11-3  V^oUaston;  12-1  Lovvry. 

Phosphorus . 

P 

196 

111 

1-77 

1-77  Berzelius. 

Platinum  ... 

Pt 

1233 

57 

21-6 

21-0  Borda ;  21-5  Berzelius ;  23-5  (?)  Cloud. 

Potassium . . . 

K 

490 

583 

0-84 

0  86  Gay-Lussac,  Thenard;  0*87  Sementini, 

Rhodium  ... 

R 

65J 

57 

11-4 

ll-OWoUaston;  11-2  Cloud. 

Selenium  ... 

Se 

495 

115 

4-30 

4-30,  4-32  Berzelius ;  4-31  Boullay. 

Silver    

Ag 

1352 

130 

10-4 

10-4  Karsten. 

Sodium 

nI 

291 

292 

0-99 

0-97  Gay-Lussac  and  Thenard. 

Sulphur     . . . 

S 

201 

101 

199 

1-99,  2-05  Karsten  ;  1*99  Breithaupt. 

Tin    

St 

735 

101 

7  28 

7-28  Herapath ;  7-29  Kupffer,  Kai-sten. 

Titanium  ... 

T 

304 

57 

5-33 

5-3  "WoUaston:  5-28  Karsten. 

Tungsten  ... 

W 

1183 

69 

17-1 

17-2  Allan  and  Aiken;    17-4  Bucholz. 

Zinc  

Zn 

403 

58 

6-95 

6-92  Karsten ;  686,  721  Berzelius. 

It  will  be  observed  that  certain  analogous  substances  possess  the 
same  atomic  volume: — bromine,    chlorine,  cyanogen,   and  iodine; 
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chromium^  molybdenum,  and  tungsten;  cobalt,  copper,  iron,  man- 
ganese, and-  nickel ;  iridium,  osmium,  palladium,  platinum,  and 
rhodium. 

There  are  also  analogous  substances  of  which  the  atomic  volume 
of  one  is  double  that  of  the  other.  The  volume  of  an  equivalent  of 
silver  is  double  that  of  gold,  and  the  volume  of  potassium  double 
that  of  sodium. 

When  a  substance  enters  into  combination,  it  either  occupies  its 
own  volume,  or  assumes  a  new  volume,  which  last  may  remain  con- 
stant through  a  class  of  compounds.  Hence  the  volumes  in  the 
preceding  table  are  described  as  the  primitive  atomic  volumes.  The 
metals  enumerated  possess  the  following  atomic  volumes  in  their 
salts : — 


Atomic  Volume  in  Salts 

Ammonium 

.     218 

Barium 

.     143 

Calcium       . 

.       60 

Magnesium 

.       40 

Potassium    . 

.     234 

Sodium        .         .         .         . 

.     130 

Strontium   . 

.     108 

The  other  metals  are  supposed  to  retain  their  primitive  volumes  in 
combination. 


Tn  explaining  the  atomic  volume  of  carbonates,  it  is  supposed  by 
Dr.  Kopp  that  the  salt-radical  CO3  enters  into  its  combinations  with 
the  atomic  volume  151. 

In  the  nitrates,  the  salt-radical  NOg  is  supposed  to  have  the  atomic 
volume  358. 

In  one  class  of  sulphates,  SO4  is  supposed  to  have  the  atomic 
volume  236 ;  in  another,  the  atomic  volume  186. 

In  the  chromates,  the  atomic  volume  of  Cr04  is  228 ;  and,  in  the 
tungstates,  that  of  WO4  is  244. 

The  atomic  volume  of  chlorine  is  196  in  one  class  of  chlorides, 
and  245  in  another. 

On  combining  the  atomic  volumes  of  the  metals  contained  in  the 
salts  with  these  suppositions  for  their  salt-radicals,  the  atomic  volume 
of  the  compound  is  obtained,  and  the  following  calculated  specific 
gravities ; — 
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Table  II. 

Atomic  Volume  and  Specific  Gravity  of  Salts. 

CARBONATES. 


Carbonates. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed 
Specific  Gravity. 

Cadmium 

1073 

Cd+COg 

81  +  151  =  232 

4-63 

4-42Herapath;4-49K. 

Iron 

715 

Fe+COg 

144  +  151  =  195 

3-67 

3-83    Mohs;     3-87 
Naumann. 

Lead    

1670 

Pb  +  CO3 

114  +  151  =  265 

6-30 

6-43  Karsten  ;   6-47 

Breithaupt. 
3-55,  3-59  Mchs. 

Manganese  ... 

722 

Mn  +  COa 

44  +  151  =  195 

3-70 

Silver  

1728 

Ag  +  C03 

130  +  151  =  281 

6-15 

6  08  Karsten. 

Zinc 

779 

Zn  +  COg 

58  +  151=209 

3-73 

4-44  Mohs  ;  4-4,  45 
Naumann. 

Baryta 

1233 

Ba  +  COg 

143  +  151=294 

419 

4-30  Karsten;  4-24 
Breithaupt;  4*30 
Mohs. 

"Arragonite  3-00 
Breithaupt;    2-93 

Lime    

632 

Ca  +  COg 

60  +  151  =  211 

300 

J    Mohs. 

'  Calc.     spar      2.70 

Karsten;  272 Beu- 

dant. 

Magnesia 

534 

Mg+COg 

40  +  151  =  191 

2-80 

2-81  Breithaupt ; 
300,  3-11  Mohs; 
2-88,  2-97  Naum. 

Potash 

866 

K  +  CO3 

234  +  151=385 

2-25 

2-26  Karsten. 

Soda    

667 

Na  +  COg 

180  +  151  =  281 

2-37 

2-47  Karsten. 

Strontia  

923 

Sr  +  CO, 

108  +  151=259 

3-56 

3-60  Mohs  ;  3-62  K. 

Dolomite 

"««(^?:S: 

40  + 151 1  _  Q2 
60  + 151  i  -^"^ 

2-90 

2-88  Mohs. 

Mesiline  

i^^or.i:c8: 

40  +  151^      og. 
44  +  151]=^^^ 

3-24 

3-35  Mohs. 

NITRATES. 


Nitrates. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed  Specific  Gravity. 

Lead  

Silver 

Ammonia   . . . 

Baryta    

Potash    

Soda  

Strontia 

2071 

2129 
1004 
1634 
1267 
1068 

1324 

Pb  +  NOe 

Ag  +  NOe 

Am+NOe 

Ba  +  NOg 

K  +  NOe 

Na+NOg 

Sr  +  NOg 

114  +  358=472 

130  +  358=488 
218  +  358  =  576 
143  +  358  =  501 
234  +  358  =  592 
130  +  358=488 

108  +  358=466 

4-40 

4-36 
1-74 
3-20 
2-14 
2-19 

2-84 

4-40  Karsten;  4-77  Breit- 
haupt ;  4-34  Kopp. 

4-36  Karsten. 

174  Kopp. 

3  19  Karsten. 

210  Karst. ;  2' 06  Kopp. 

219  Marx;  220  Kopp; 
2-26  Karsten. 

2-89  Karsten. 
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SULPHATES  :   FIRST  CLA.SS. 


Sulphates. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed 
Specific  Gravity. 

Copper    

Silver  

Zinc 

Lime    

Magnesia 

Soda    

997 
1953 
1004 

857 

759 
892 

Cu+  SO4 
Ag+  SO^ 
Zn+  SO4 
Ca+  SO4 

Mg+  SO4 
Na+  SO4 

44  +  236  =  280 

130  +  236  =  366 

58  +  236  =  294 

60  +  236  =  296 

40  +  236  =  276 
130  +  236  =  366 

3-56 
5-34 
3-42 
2-90 

2-75 
2-44 

3-53  Karsten. 
5 -34  Karsten. 
3-40  Karsten. 
2-96  Naumann;  2-93 

Karsten. 
261  Karsten. 
2-46  Mohs;  2-63  K. 

SULPHATES  :    SECOND  CLASS. 


Sulphates. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed 
Specific  Gravity. 

Lead    

Baryta 

Potash 

Strontia  

1895 
1458 
1091 
1148 

Pb  +  SO^ 

Ba+SO^ 

K  +  SO4 

Sr+SO^ 

114+  186  =  300 
143+  186  =  329 
234+186=420 
108+  186  =  294 

6-32 
4-43 
2-60 
3-90 

6-30Mohs;6-17Karst. 
4-45  Mohs;  4-20  Karst. 
2-62Karst.;2-66Kopp. 
3-95Breithaupt;  3-59 
Karsten. 

CHUOMATES  AND  TUNGSTATES. 


Chromates 
and 

Tungstates. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed 
Specific  Gravity. 

Lead    

Potash 

Lead    

Lime    

2046 

1241 

2877 
1839 

Pb  +  CrO^ 

K  +  CrO^ 
Pb  +  WO. 
Ca  +  WO^ 

114+  228  =  342 

234+228=462 

114+  244  =  358 

60+  244  =  304 

5-98 

2-69 
8-04 
605 

5-95Breithaupt;  6-00 

Mohs. 
264Kai'st.;2-70Kopp. 
8-OGmel.;  8-1  Leonh. 
6-04  Kars.;  6-03  Meiss. 

CHLORIDES :   FIRST  class. 


Chlorides. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed 
Specific  Gravity. 

Lead    

1736 

1794 

1299 
733 

Pb+Cl 

Ag  +  Cl 

Ba  +  a 
Na  +  Cl 

114+  196  =  310 

130+196  =  326 

143+  196  =  339 
130+196  =  326 

5-60 

5-50 

3-83 
2-25 

5-68,    5-80   Karsten; 

5-24,  5-34  Monro. 
5-50,  5-57  Kars.;  5-55 

Boul.;  5-13Herap. 
3-86  Boul.;  3-70  Kars. 
2-26  Mohs;  2-15  Kopp; 

2-08  Karsten. 

Silver  

Barium    

Sodium    

ATOMIC  VOLUME  OF  SOLID  BODIES. 
CHLORIDES :  second  class. 


215 


Chlorides. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed 
Specific  Gravity. 

Copper    

1234 

2Cu+  CI 

88+  245  =  333 

3-70 

3-68  Karsten. 

r 

1708 

Hg+Cl 

93+  245  =  338 

5-05 

514Gmel.;  5-43Boul.; 

Mercury    ...  ^ 

2974 

2Hg+  CI 

186+245=431 

6-90 

5-40  Karsten, 
6'99Karst.;  671  He- 
rapath ;  7*14  Boul. 

Ammonium... 

669 

Am+  CI 

218+  245=463 

1-44 

1-45   Watson;     1-50 
Kopp ;  1-53  Mohs. 

Calcium  

698 

Ca+Cl 

60+245  =  305 

2-29 

2-21,  2-27  Boul.;  1-92 
Karsten. 

Potassium    . . . 

932 

11+ CI 

234+  245=479 

1-94 

1-94  Kopp;  1-92  Karst. 

Strontium    . . . 

989 

Sn+Cl 

108+245  =  35.3 

2-80 

2-80  Karsten. 

In  explaining  the  specific  gravity  of  oxides,  it  is  necessary  to  make 
three  assumptions  for  the  specific  volume  of  oxygen.  In  the  first 
small  class  of  oxides,  the  oxygen  is  contained  with  the  atomic  volume 
16 ;  in  the  second  and  large  class,  with  the  atomic  volume  32 ;  and, 
in  the  third  class,  with  the  atomic  volume  64.  The  metals  are  sup- 
posed to  retain  their  primitive  atomic  volumes. 


Table  III. 

Atomic  Volume  and  Specific  Gravity  of  Oxides, 

FIRST  CLASS. 


Oxides. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed  Specific  Gravity. 

Antimony  ... 
Chromium  . . . 
Tin 

1006 

1003 

935 

Sb  +  20 
2Cr+30 
Sn+20 

120  +  32  =  154 
138  +  48  =  186 
101  +  32  =  133 

6-53 
5-39 
703 

6-53 Boullay;  6-70 Karst. 
5-21  Wohler. 
6-96  Mohs;  6-90BouUay; 
6-64  Herapath. 
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SECOND  CLASS. 


Oxides. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed  Specific  Gravity. 

Antimony  ... 

1913 

2Sb  +  30 

240  +  96-336 

5-69 

5-78BouUay;  5-57 Mohs. 

Bismuth 

2960 

2Bi  +  30 

270  +  96  =  366 

8-09 

8-17 Karst.;  8-21  Herap.; 
8-45  Royer  and  Dum. 

Cadmiimi    , . . 

797 

Cd+0 

81  +  32  =  113 

7-05 

6-95  Karsten. 

Cobalt     

1038 

2Co  +  30 

88  +  96  =  184 

5-64 

5-60BouUay;5-32Herap. 

Copper   

496 

Cu+0 

44  +  32=   76 

6-53 

6-43  Karst.;  6'13Boul.; 
6-40  Herapath. 

Iron    

978 

2Fe+30 

88  +  96  =  184 

5-31 

5-23Boullay;5-25Mohs. 

r 

1394 

Pb  +  0 

114  +  32  =  146 

9-55 

9-50  Boullay;  9-28  Herap. 
9-21  Karsten. 

Lead    J 

1494 

Pb  +  20 

114  +  64  =  178 

8-40 

8-90  Herap.;  8-92  Karst. 

2889 

2Pb  +  30 

228  +  96  =  324 

8-91 

8-94  Muschenbroek;  8-60 

Karst. ;  9-20  Boullay. 

Manganese . . . 

446 

Mn  +  0 

44  +  32=  76 

5-87 

4-73  Herapath. 

Mercury 

1366 

Hg  +  0 

93  +  32  =  125 

10-9 

11-0  Boullay;  11-1  Hera- 
path; 11-2  Karsten. 

Molybdenum. 

799 

Mo  +  20 

69  +  64  =  133 

6-01 

5-67  Bucholz. 

Tin 

835 

Sn  +  0 

101  +  32  =  133 

6-28 

6-67  Herapath. 

Titanium     ... 

504 

Ti  +  20 

57  +  64  =  121 

4-16 

4-18  Klaproth,  4-20,4-25 
Breithaupt. 

Zinc    

503 

Zn+0 

58+32=  90 

5-48 

5-43 Mobs;  5-60Boullay; 
5-73  Karsten. 

Ilmenite 

942[^^|  +  30[5^j  +96  =  197 

4-78 

4-73,  4-79  Breithaupt; 
4-75,  4-78  Kupfi*er. 

THIRD  CLASS. 

Oxides. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.Gr. 

Observed  Specific  Gravity. 

Copper   

892 

2Cu+0 

88+  64  =  152 

5-87 

5*75  Karsten,  Royer  and 
Dumas ;  6'05  Herapath. 

Mercury 

2632 

2Hg+0 

186+  64  =  250 

10-05 

10-69  Herap. ;  8-95  Karst. 

Molybdenum. 

899 

Mo +30 

69  +  192  =  261 

3-44 

3-46  Bergman,  Thomson; 
3-49  Berzelius. 

Silver 

1452 

Ag+0 

88+  64  =  194 

7-48 

7-14  Herapath;  7*25  Boul- 
lon;  8 -26  Karsten. 

Tungsten    . . . 

1483 

W+30 

69  +192  =  261 

5-68 

5-27  Herapath ;  6-12  Ber- 
zelius; 7-14  Karsten. 

Dr.  Kopp  has  endeavoured  to  determine  the  atomic  volume  of 
the  constituents  of  many  other  classes  of  compounds.  The  specific 
gravity  of  the  compounds  of  sulphur  and  arsenic  with  the  metals,  of 
water  with  oxides  and  salts,  of  chlorine  with  the  non-metallic  elements, 
are  explained  in  a  similar  manner  on  a  small  number  of  suppositions. 
He  also  shows  with  considerable  success  that  in  those  isomorphous 
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substances,  of  which  the  crystalKne  form  is  only  similar,  and  not 
absolutely  identical,  as  the  carbonates  (p.  162),  the  observed  dif- 
ference between  the  atomic  volumes  corresponds  with  the  difference 
between  the  crystalline  forms.  The  variation  in  the  atomic  volume 
is  thus  manifested  by  a  variation  in  the  crystalline  form. 


CHAPTER  IV. 


CHEMICAL  AFFINITY. 


In  the  preceding  section,  compound  bodies  have  been  viewed  as 
already  formed,  and  existing  in  a  state  of  rest.  The  arrangement, 
weights,  and  other  properties  of  their  atoms,  have  also  been  examined 
with  the  relations  and  classification  of  the  compounds  themselves. 
But  chemistry  is  more  than  a  descriptive  science  ;  for  it  embraces,  in 
addition  to  views  of  composition,  the  consideration  of  the  action  of 
bodies  upon  each  other,  which  leads  to  the  formation  and  destruction 
of  compounds.  Certain  bodies,  when  placed  in  contact,  exliibit  a 
proneness  to  combine  with  each  other,  or  to  undergo  decomposition, 
while  others  may  be  mixed  most  intimately  without  change.  The 
actual  phenomena  of  combination  suggest  the  idea  of  peculiar  attach- 
ments and  aversions  subsisting  between  different  bodies,  and  it  was 
in  this  figurative  sense  that  the  term  affinity  was  first  applied  by 
Boerhaave  to  a  property  of  matter.  A  specific  attraction  between 
different  kinds  of  matter  must  be  admitted  as  the  cause  of  combination, 
and  this  attraction  may  be  conveniently  distinguished  as  chemical 
affinity. 

The  particles  of  a  body  in  the  solid  or  liquid  state  exhibit  an 
attraction  for  each  other,  which  is  the  force  of  cohesion,  and  even 
different  kinds  of  matter  have  often  an  attraction  for  each  other, 
which  is  probably  of  the  same  nature,  although  distinguished  as 
adhesion.  This  force  retains  bodies  in  contact  which  are  once 
placed  in  sufficient  proximity  to  each  other.  It  is  exhibited  in  the 
adhesion  of  two  smooth  pieces  of  lead  pressed  together,  or  perfectly 
flat  pieces  of  plate-glass,  which  sometimes  cannot  again  be  separated. 
The  action  of  glue,  wax,  mortar,  and  other  cements,  in  attacliing  bodies 
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together,  depends  entirely  upon  the  same  force.  In  detaching  glue 
from  the  surface  of  glass,  the  latter  is  sometimes  injured,  and  portions 
of  it  are  torn  off  by  the  glue,  the  adhesive  attraction  of  the  two  bodies 
being  greater  than  the  cohesion  of  the  glass.  The  property  of  water 
to  adhere  to  solid  surfaces  and  wet  them,  its  imbibition  by  a  sponge, 
the  ascent  of  liquids  in  narrow  tubes,  and  other  phenomena  of  capillary 
attraction,  and  the  rapid  diffusion  of  a  drop  of  oil  over  the  surface  of 
water,  axe  illustrations  of  the  same  attraction  between  a  liquid  and  a 
sohd,  and  between  different  liquids.  But  this  kind  of  attraction  is 
deficient  in  a  character  which  is  never  absent  in  true  chemical 
affinity — //  effects  no  change  ifi  the  properties  of  bodies.  It 
may  bind  different  kinds  of  matter  together,  but  it  does  not  alter 
their  nature. 

The  tendency  of  different  gases  to  diffuse  through  each  other  till  a 
uniform  mixture  is  formed,  is  another  property  of  matter, — the  effect 
of  a  force  wholly  independent  of  chemical  affinity.  It  is  certain  that 
this  physical  property  is  not  lost  in  liquids,  and  that  it  contributes  to 
that  equable  diffusion  of  a  salt  through  a  menstruum  which  occurs 
spontaneously,  and  without  agitation  to  promote  it."^ 

Solution. — The  attraction  between  salt  and  water,  which  occasions 
the  solution  of  the  former,  differs  in  several  circumstances  from  the 
affinity  which  leads  to  the  production  of  definite  chemical  compounds. 
In  solution,  combination  takes  place  in  indefinite  proportions,  a 
certain  quantity  of  common  salt  dissolving  in,  or  combining  with  any 
quantity  of  water  however  large ;  while  a  certain  quantity  of  water, 
such  as  100  parts,  can  dissolve  any  quantity  of  that  salt  less  than  37 
parts,  the  proportion  which  saturates  it.  Water  has  a  constant 
solvent  power  for  every  other  soluble  salt ;  but  the  maximum 
proportion  of  salt  dissolved,  or  the  saturating  quantity,  has  no  re- 
lation to  the  atomic  weight  of  the  salt,  and  indeed  varies  exceedingly 
with  the  temperature  of  the  solvent.  The  limit  to  the  solubility  of 
a  salt  seems  to  b&  immediately  occasioned  by  its  cohesion.  Water, 
in  proportion  as  it  takes  up  salt,  has  its  power  to  disintegrate  and 
dissolve  more  of  the  soluble  body  gradually  diminished ;  it  dissolves 
the  last  portions  slowly  and  with  difficulty,  and  at  last,  when  satu- 
rated, is  incapable  of  overcoming  the  cohesion  of  more  salt  that  may 
be  added  to  it.     The  solubiHty  in  water  of  another  body  in  the  liquid 


*  Jerichau,  in  Poggendorff's  Anualen,  xxxiv.  613  ;  or  Dove  and  Moser's  RepertoEUim 
der  Phvsik,  i.  96,  1837, 
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state  is  not  restrained  by  cohesion,  and  is  in  general  unlimited. 
Thus  alcohol,  and  also  soluble  salts  above  the  temperature  at  which 
they  Kquefy  in  their  water  of  crystallization,  dissolve  in  water  in  any 
proportion.  Generally  speaking,  also,  those  salts  dissolve  in  largest 
quantity  which  are  most  fusible,  or  of  which  the  cohesion  is  most 
easily  overcome  by  heat,  as  the  hydrated  salts ;  and  among  anhydrous 
salts,  the  nitrates,  chlorates,  chlorides,  and  iodides,  which  are  all 
remarkable  for  their  fusibility.  In  this  species  of  combination,  bodies 
are  not  materially  altered  in  properties ;  indeed,  are  little  affected  except 
in  their  cohesion. 

The  union  also  between  a  body  and  its  solvent  differs  in  a  marked 
manner  from  proper  chemical  combination  in  the  relation  of  the  bodies 
to  each  other  wliich  exhibit  it.  Bodies  conibine  chemically  with  so 
much  the  more  force  as  their  properties  are  more  opposed,  but  they 
dissolve  the  more  readily  in  each  other,  the  more  similar  their  pro- 
perties. Thus,  metals  combine  with  non-metallic  bodies,  acids  with 
alkahes ;  but  to  dissolve  a  metal,  another  metal  must  be  used,  such 
as  mercury ;  oxidated  bodies  dissolve  in  oxidated  solvents,  as  the 
salts  and  acids  in  water ;  while  liquids  which  contain  much  hydrogen 
are  the  best  solvents  of  hydrogenated  bodies — an  oil,  for  instance,  of  a 
fat  or  a  resin;  alcohol  and  ether  dissolving  the  essential  oils  and  most 
organic  principles,  bat  few  salts  of  oxygen  acids.  The  force  which 
produces  solution  differs,  therefore,  essentiaUy  from  chemical  affinity 
in  being  exerted  between  analogous  particles,  in  preference  to  particles 
wliich  are  very  unlike;  and  resembles  more,  in  this  respect,  the 
attraction  of  cohesion. 

A  more  accurate  idea  of  the  varying  solubility  of  a  salt  at  different 
temperatures  may  be  conveyed  by  a  curve  constructed  to  represent  it, 
than  by  any  other  means.  The  perpendicular  lines  in  the  following 
diagTam,  indicate  the  degrees  of  temperature  which  are  marked  below 
them,  and  the  horizontal  lines,  quantities  of  salt  dissolved  by  100 
parts  by  weight  of  water.  The  proportion  of  any  salt  dissolved  at  a 
particular  temperature  may  be  learned  by  carrying  the  eye  along  the 
perpendicular  line  expressing  that  temperature,  till  it  cuts  the  curve 
of  the  salt,  and  then  horizontally  to  the  column  of  parts  dissolved,"^ 


*  An  extensive  and  very  careful  series  of  experiments  on  the  solubility  of  salts  in  water 
at  diiFerent  temperatures  has  been  made  by  M.  Poggiale,  Ann.  de  Chim.  et  de  Phys. 
3e  Se'r.  T.  viii.  p.  463 ;  and  the  Ra^ort  Annuel  of  Berzelius,  Paris,  1846,  p.  18. 
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SOLUBILITY  OF  SALTS  IN  ONE  HUNDRED  PARTS  OF  WATER. 
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It  will  be  observed  that  the  perpendicular  lines  advance  by  9°,  the 
first  being  32°,  and  the  last  230°.  The  solubility  of  nitrate  of  potash 
increases  from  13  parts  in  100  water  at  32°,  to  80  parts  at  118°,  or 
very  rapidly  with  the  temperature.  Sulphate  of  soda  is  seen  by  the 
form  of  its  curve  to  increase  in  solubility  from  5  parts  at  32°  to  52 
parts  at  92°,  but  then  to  diminish  in  solubility  -ndth  farther  elevation 
of  temperature.  In  this  salt,  sulphate  of  magnesia  and  chloride  of 
barium,  the  solubility  is  expressed  in  parts  of  the  anhydrous,  and  not 
the  hydrated  salt.  The  hues  of  cliloride  of  barium  and  chloride  of 
potassium  are  parallel,  shewing  a  remarkable  relation  between  the 
solubilities  of  these  two  salts,  which  does  not  appear  in  any  others. 
The  Hue  of  chloride  of  sodium  is  observed  to  cut  all  the  Hnes  of 
temperature  at  the  same  height,  100  parts  of  water  dissolving  37 
parts  of  that  salt  at  aU  temperatures. 

Chemical  affinity  acts  only  at  insensible  distances,  and  has  no  effect 
in  causing  bodies  to  approach  each  other  which  are  not  in  contact, 
differing  in  this  respect  from  the  attraction  of  gravitation,  which  acts 
at  all  distances,  however  great,  although  with  a  diminishing  force. 
Hence,  the  closest  approximation  of  unlike  particles  is  necessary  to 
develope  their  affinities,  and  produce  combination.  Sulphur  and 
copper  in  mass  have  no  effect  upon  each  other,  but  if  both  be  in  a 
state  of  great  division,  and  rubbed  together  in  a  mortar,  a  powerful 
affinity  is  brought  into  play,  the  bodies  themselves  disappear,  and 
sulphuret  of  copper  is  produced  by  their  union,  with  the  evolution 
of  much  heat.     The  affinity  of  bodies  is,  therefore,  promoted  by  every 
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thing  which  tends  to  their  close  approximation ;  in  soHds,  by  their 
pulverization  and  intermixture,  this  attraction  residing  in  the  ultimate 
particles  of  bodies ;  in  gases,  by  their  spontaneous  diffusion  through 
each  other,  which  occasions  a  more  complete  intermixture  than  is 
attainable  by  mechanical  means ;  and  between  hquids,  or  between  a 
liquid  and  soHd,  by  the  adhesive  attraction  which  liquids  possess,  which 
must  lead  to  perfect  contact,  and  also  by  a  disposition  of  liquid  bodies 
to  intermix,  of  the  same  physical  character  as  gaseous  diffusion. 
Elevation  of  temperature  has  certainly  often  a  specific  action  in 
increasing  the  affinity  of  two  bodies,  but  it  also  often  acts  by  pro- 
ducing a  perfect  contact  between  them,  from  the  fusion  or  vaporization 
of  one  or  both  bodies.  Hence,  no  practice  is  more  general  to  promote 
the  combination  of  bodies  than  to  heat  them  together. 

If  the  affinity  between  two  gases  is  sufficiently  great  to  begin  com- 
bination, the  process  is  never  interrupted,  but  is  continued  from  the 
diffusion  of  the  gases  through  each  other  till  complete,  or  at  least  till 
one  of  the  gases  is  entirely  consumed.  Thus,  when  hydrochloric  acid 
and  ammoniacal  gases,  in  equal  measures,  are  introduced  into  a  jar 
containing  at  the  same  time  a  large  quantity  of  air,  the  formation  of 
hydrochlorate  of  ammonia  proceeds,  the  gases  appearing  to  search 
out  each  other,  till  no  portion  of  uncombined  gas  remains.  The 
combination  of  two  liquids,  or  of  a  liquid  and  a  solid,  is  also  facihtated 
in  the  same  manner  by  the  mobility  of  the  ffuid,  and  proceeds  without 
interruption,  unless,  perhaps,  the  product  of  the  combination  be  solid, 
and  by  its  formation  interpose  an  obstacle  to  the  contact  of  the  com- 
bining bodies.  But  the  affinities  of  two  solids  which  are  not  volatile 
are  rarely  developed  at  all,  owing  to  the  imperfection  of  contact. 
Even  the  action  of  very  powerful  affinities  between  a  solid  and  a 
liquid  or  a  gas,  is  often  arrested  in  the  outset  from  the  physical 
condition  of  the  former.  Thus,  the  affinity  between  oxygen  and  lead 
is  certainly  considerable,  for  the  metal  is  rapidly  converted  into  a 
white  oxide  when  ground  to  powder  and  agitated  with  water  in  its 
usual  aerated  condition ;  and  in  the  state  of  extreme  division  in  which 
lead  is  obtained  by  calcining  its  tartrate  in  a  glass  tube,  the  metal  is 
a  pyrophorus,  and  combines  with  oxygen  when  cold  with  so  much 
avidity  as  to  take  fire  and  burn  the  moment  it  is  exposed  to  the  air. 
Iron  also,  in  the  spongy  and  divided  state  in  which  it  is  procured,  by 
reducing  the  peroxide  by  means  of  hydrogen  gas  at  a  low  red  heat, 
absorbs  oxygen  with  equal  avidity  at  the  temperature  of  the  air,  and 
takes  fire  and  burns.  But  notwithstanding  an  affinity  for  oxygen  of 
such  intensity,  these  metals  in  mass  oxidate  very  slowly  in  air,  parti- 
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cularly  lead,  which  is  quickly  tarnished  indeed,  but  the  thin  coating 
of  oxide  formed  does  not  penetrate  to  a  sensible  depth  in  the  course 
of  several  years.  The  suspension  of  the  oxidation  may  be  partly  due 
to  the  comparatively  small  surface  which  a  compact  body  exposes  to 
air,  and  which  becomes  covered  by  a  coat  of  oxide,  and  protected  from 
farther  change ;  but  partly  also  to  the  effect  of  the  conducting  power 
of  a  considerable  mass  of  metal  in  preventing  the  elevation  of  tem- 
perature consequent  upon  the  oxidation  of  its  surface.  Eor  metals 
oxidate  with  increased  facility  at  a  high  temperature,  such  as  the  lead 
pyrophorus  quickly  attains  from  the  oxidation  of  the  great  surface 
which  it  exposes,  compared  with  its  weight.  The  heat  from  the 
oxidation  of  the  superficial  particles  of  the  compact  metal,  however, 
is  not  accumulated,  but  carried  off  and  dissipated  by  the  conducting 
power  of  the  contiguous  particles,  so  that  elevation  of  temperature  is 
effectually  repressed.  It  thus  appears  that  the  state  of  aggregation 
of  a  soUd  may  oppose  an  insuperable  bar  to  the  action  of  a  very 
powerful  affinity. 

The  affinity  of  two  bodies,  one  or  both  of  which  are  in  the  state  of 
gas,  is  often  promoted  in  an  extraordinary  manner  by  the  contact  of 
certain  soHd  bodies.  Thus,  oxygen  and  hydrogen  gases  may  be  mixed 
and  retained  for  any  length  of  time  in  that  state  without  exhibiting 
any  affinity  for  each  other,  and  the  gaseous  mixture  may,  indeed,  be 
heated  in  a  glass  vessel  to  any  temperature  short  of  redness  without 
showing  any  disposition  to  combine.  But  if  a  clean  plate  of  platinum 
be  introduced  into  the  cold  mixture,  the  gases  in  contact  with  the 
metallic  surface  instantly  unite  and  form  water ;  other  portions  of 
the  mixture  come  then  in  contact  with  the  platinum,  and  combine 
successively  under  its  influence,  so  that  a  large  quantity  of  the  gaseous 
mixture  may  be  quickly  united.  The  temperature  of  the  platinum 
also  rises,  from  the  heat  evolved  by  the  combination  occurring  at  its 
surface,  and  the  influence  of  the  metal  increasing  with  its  temperature^ 
combination  proceeds  at  an  accelerated  rate,  tiU  the  platinum  becoming 
red  hot,  may  cause  the  combination  to  extend  to  a  distance  from  it, 
by  kindling  the  gaseous  mixture.  Platinum  acts  in  this  maimer  with 
greatest  energy  when  in  a  highly  divided  state,  as  in  the  form  of 
spongy  platinum,  owing  to  the  greater  surface  exposed,  and  the 
rapidity  with  which  it  is  heated.  The  metal  itself  contributes  no 
element  to  the  water  formed,  and  is  in  no  respect  altered.  It  is  an 
action  of  the  metallic  surface,  which  must  be  perfectly  clean,  and  is 
retarded  or  altogether  prevented  by  the  presence  of  oily  vapours  and 
many   other   combustible   gases,   which   soil   the   metallic   surface. 
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Mr.  Faraday  is  disposed  to  refer  the  action  to  an  adhesive  attraction 
of  the  gases  for  the  metal,  under  the  influence  of  which  they  are 
condensed  and  their  particles  approximated  within  the  sphere  of  their 
mutual  attraction,  so  as  to  combine.  This  opinion  is  favoured  by 
the  circumstance  that  the  property  is  not  peculiar  to  platinum,  but 
appears  also  in  other  metals,  in  charcoal,  pounded  glass,  and  all  other 
soKd  bodies ;  although  all  of  them,  except  the  metals,  act  only  when 
their  temperature  is  above  the  boiling  point  of  mercury.  But,  on 
the  other  hand,  at  low  temperatures,  the  property  appears  to  be  con- 
fined to  a  few  metals  only  which  resemble  platinum  in  their  chemical 
characters ;  namely,  in  having  little  or  no  disposition  to  combine  with 
oxygen  gas,  and  in  not  undergoing  oxidation  in  the  air.  The  action 
of  platinum  may,  therefore,  be  connected  with  its  chemical  properties, 
although  in  a  way  which  is  quite  unknown  to  us.  The  same  metal 
disposes  carbonic  oxide  gas  to  combine  with  oxygen,  but  much  more 
slowly  than  hydrogen ;  and  it  is  remarkable  that  if  the  most  minute 
quantity  of  carbonic  oxide  be  mixed  with  hydrogen,  the  oxidation  of 
the  latter  under  the  influence  of  the  platinum  is  arrested,  and  not 
resumed  till  after  the  carbonic  oxide  has  been  slowly  oxidated  and 
consumed,  which  thus  takes  the  precedence  of  the  hydrogen  in  com- 
bining with  oxygen.  This  extraordinary  interference  of  a  minute 
quantity  of  carbonic  oxide  gas,  which  cannot  from  its  nature  be 
supposed  to  soil  the  surface  of  the  platinum  like  a  liquefiable  vapour, 
seems  to  point  to  a  chemical,  perhaps  to  an  electrical  explanation  of 
the  action  of  the  platinum,  rather  than  to  the  adhesive  attraction  of 
the  metal.  The  oxidation  of  alcohol  at  the  temperature  of  the  air, 
and  also  at  a  low  red  heat,  is  promoted  in  the  same  manner  by  contact 
with  platinum. 

Order  of  affinity. — The  affuiity  between  bodies  appears  to  be  of 
difierent  degrees  of  intensity.  Lead,  for  instance,  has  certainly  a 
greater  aflinity  than  silver  for  oxygen,  the  oxide  of  the  latter  being 
easily  decomposed  when  heated  to  redness,  while  the  oxide  of  the 
former  may  be  exposed  to  the  most  intense  heat  without  losing  a 
particle  of  oxygen.  Again,  it  may  be  inferred  that  potassium  has  a 
still  greater  affinity  for  oxygen  than  lead  possesses,  as  we  find  the 
oxide  of  lead  easily  reduced  to  the  metalhc  state  when  heated  in 
contact  with  charcoal,  while  potash  is  decomposed  in  the  same  manner 
with  great  difficulty.  But  the  order  of  affinity  is  often  more  strikingly 
exhibited  in  the  decomposition  of  a  compound  by  another  body. 
Thus,  sulphuretted  hydrogen  gas  is  decomposed  by  iodine,  which 
combines  with  the  hydrogen,  forming  hydriodic  acid,  and  liberates 
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sulphur.  The  affinity  of  iodine  for  hydrogen  is,  therefore,  greater 
than  tliat  of  sulphur  for  the  same  body.  But  hydriodic  acid  is  de- 
prived of  its  hydrogen  by  bromine,  and  hydrobromic  acid  is  formed ; 
and  this  last  is  decomposed  in  its  turn  by  chlorine,  and  hydrochloric 
acid  produced.  It  thus  appears  that  the  order  of  the  affinity  of  the 
elements  mentioned  for  hifdrogen  is,  chlorine,  bromine,  iodine, 
sulphur.  The  order  of  decompositions,  in  the  precipitation  of  metals 
by  each  other  from  their  sahne  solutions,  also  indicates  the  degree  of 
affinity.  Thus,  from  the  decomposition  of  the  nitrates  of  the  following 
metals,  the  order  of  their  affinity ybr  nitric  acid  and  oxygen  may  be 
inferred  to  be  as  follows  : — zinc,  lead,  copper,  mercury,  silver ;  zinc 
throwing  down  lead  from  the  nitrate  of  lead,  and  all  the  other  metals 
which  follow  it ;  lead  tlirowing  down  copper  ;  copper,  mercury ;  and 
mercury,  silver ;  while  nitrate  of  zinc  itself  is  not  affected  by  any 
other  metal,  and  nitrate  of  silver  is  decomposed  by  all  the  metals 
enumerated.  Bodies  were  first  thus  arranged  according  to  the  degree 
of  their  affinity  for  a  particular  substance,  inferred  from  the  order  of 
their  decompositions,  by  Geoffroy  and  Bergman,  and  tables  of  affinity 
constructed,  of  which  the  following  is  an  example : — 

Order  of  Affinity  of  the  Alkalies  and  Earths  for  Sulphuric  Acid. 

Baiyta. 

Strontia. 

Potash. 

Soda. 

Lime. 

Ammonia. 

Magnesia. 

Baryta  is  capable  of  taking  sulphuric  acid  from  strontia,  potash,  and 
every  other  base  which  follows  it  in  the  table, — the  experiment  being 
made  upon  sulphates  of  these  bases  dissolved  in  water ;  while  sulphate 
of  baryta  is  not  decomposed  by  any  other  base.  Lime  separates 
ammonia  and  magnesia  from  sulphuric  acid,  but  has  no  effect  upon 
the  sulphates  of  soda,  potash,  strontia,  and  bar}i;a;  and  in  the 
same  manner  any  other  base  decomposes  the  sulphates  of  the  bases 
below  it  in  the  column,  but  has  no  effect  upon  those  above  it. 
Tables  of  this  kind,  when  accurately  constructed,  may  convey  much 
valuable  information  of  a  practical  kind,  but  it  is  never  to  be  forgotten 
that  they  are  strictly  tables  of  the  order  of  decomposition  and  of  the 
comparative  force  or  order  of  affinity  in  one  set  of  conditions  only. 
This  will  appear  by  examining  how  far  decomposition  is  affected  by 
accessory  circumstances  in  a  few  cases. 
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Circumstances  which  affect  the  order  of  decomposition , — Vola- 
tility in  a  body  promotes  its  separation  from  others  which  are 
more  fixed,  and  consequently  facilitates  the  decomposition  of  com- 
pounds into  which  the  volatile  body  enters.  Hence,  by  the  agency 
of  heat,  water  is  separated  from  hydrated  salts ;  ammonia,  from  its 
combinations  with  a  fixed  acid,  such  as  the  phosphoric;  and  a 
volatile  acid  from  many  of  its  salts  :  as  sulphuric  acid  from  the 
sulphate  of  iron,  carbonic  acid  from  the  carbonate  of  hme,  &c. 
Ammonia  decomposes  hydrochlorate  of  morphia  at  a  low  tempera- 
ture, but,  on  the  other  hand,  morphia  decomposes  the  hydrochlorate 
of  ammonia  at  the  boiling  point  of  water,  and  liberates  ammonia, 
owing  to  the  volatility  of  that  body.  The  fixed  acids,  such  as  the 
siheic  and  phosphoric,  disengage  in  the  same  way  at  a  high  tempera- 
ture those  acids  which  are  generally  reputed  most  powerful,  and  by 
which  silicates  and  phosphates  are  decomposed  with  faciHty  at  a  low 
temperature.  Many  such  cases  might  be  adduced  in  which  the 
order  of  decomposition  is  reversed  by  a  change  of  temperature.  The 
volatility  of  one  of  its  constituents  must,  therefore,  be  considered 
an  element  of  instability  in  a  compound. 

Decomposition  from  unequal  volatility  is,  of  course,  checked  by 
pressure,  and  promoted  by  its  removal  and  by  every  thing  which 
favours  the  escape  of  vapour ;  such  as  the  presence  of  an  atmosphere 
of  a  different  sort  into  which  the  volatile  constituent  may  evaporate. 
Carbonate  of  lime  is  decomposed  easily  at  a  red  heat,  provided  a 
current  of  air  or  of  steam  is  passing  over  it  which  may  carry  oft'  the 
carbonic  acid  gas,  but  the  decomposition  ceases  when  the  carbonate 
is  surrounded  by  an  atmosphere  of  its  own  gas ;  and  the  carbonate 
may  even  be  heated  to  fusion,  in  the  lower  part  of  a  crucible,  without 
decomposition.  Here  the  occurrence  of  decomposition  depends  en- 
tirely upon  the  existence  of  a  foreign  atmosphere  into  which  carbonic 
acid  can  diffuse.  Nitrates  of  alumina,  and  peroxide  of  iron  in  solu- 
tion, are  decomposed  by  the  spontaneous  evaporation  of  their  acid, 
even  at  the  temperature  of  the  air ;  and  so  is  an  alkaline  bicarbonate 
when  in  solution,  but  not  when  dry.  A  change  in  the  composition 
of  the  gaseous  atmosphere  may  affect  the  order  of  decomposition, 
as  in  the  following  cases : — 

When  steam  is  passed  over  iron  at  a  red  heat,  a  portion  of  it 
is  decomposed,  oxide  of  iron  being  formed  and  hydrogen  gas 
evolved.  From  this  experiment  it  might  be  inferred  that  the 
affinity  of  iron  for  oxygen  is  greater  than  that  of  hydrogen.  But 
let  a  stream  of  hydrogen  gas  be  conducted  over  oxide  of  iron  at  the 

Q 
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very  same  temperature,  and  water  is  formed,  while  the  oxide  of 
iron  is  reduced  to  the  metallic  state.  Here  the  hydrogen  appears 
to  have  the  greater  affinity  for  oxygen.  But  the  result  is  obviously 
connected  with  the  relative  proportion  between  the  hydrogen 
and  steam  which  are  at  once  in  contact  with  the  metal  and  its 
oxide  at  a  red  heat.  When  steam  is  in  excess,  water  is  decomposed, 
but  when  hydrogen  is  in  excess,  oxide  of  iron  is  decomposed; 
and  why?  because  the  excess  of  steam  in  the  first  case  is  an 
atmosphere  into  which  hydrogen  can  diffuse,  and  the  disengage- 
ment of  that  gas  is  therefore  favoured;  but  in  the  second  case 
the  atmosphere  is  principally  hydrogen,  and  represses  the  evolution 
of  more  hydrogen,  but  facilitates  that  of  steam.  The  affinity  of 
iron  and  hydrogen  for  oxygen  at  the  temperature  of  the  experi- 
ment is  so  nearly  balanced,  that  the  one  affinity  prevails  over  the 
other,  according  as  there  is  a  proper  atmosphere  into  which 
the  gaseous  product  of  its  action  may  diffuse.  This  affords  an 
intelligible  instance  of  the  influence  of  mass  or  quantity  of 
material,  in  promoting  a  chemical  change ;  the  steam  or  the 
hydrogen,  as  it  preponderates,  exerting  a  specific  influence,  in 
the  capacity  of  a  gaseous  atmosphere. 

The  remarkable  decomposition  of  alcohol  by  sulplniric  acid, 
which  affords  ether,  is  another  similar  illustration  of  decom- 
position depending  upon  volatility,  and  affected  by  changes  in 
the  nature  of  the  atmosphere  into  which  evaporation  takes  place. 
Alcohol  or  the  hydrate  of  ether  is  added  in  a  gradual  manner  to 
sulphuric  acid  somewhat  diluted,  and  heated  to  280°.  In  these 
circumstances,  the  double  sulphate  of  ether  and  water  is  formed ; 
water,  which  was  previously  combined  as  a  base  to  the  acid, 
being  displaced  by  ether,  and  set  free  together  with  the  water 
of  the  alcohol.  The  first  effect  of  the  reaction,  therefore,  is  the 
disengagement  of  watery  vapour,  and  the  creation  of  an  atmo* 
sphere  of  that  substance  which  tends  to  check  its  farther  evolution. 
But  the  existence  of  such  an  atmosphere  offers  a  facility  for  the 
evaporation  of  ether,  which  accordingly  escapes  from  combination 
with  the  acid  and  contiuues  to  be  replaced  by  the  water,  the 
affinity  of  sulphuric  acid  for  water  and  for  ether  being  nearly  equal, 
till  ether  forms  such  a  proportion  of  the  gaseous  atmosphere  as  to 
check  its  own  evolution,  and  to  favour  the  evolution  of  watery  vapour. 
Then  the  sulphate  of  ether  comes  in  its  turn  to  be  decomposed 
as  before,  and  ether  evolved.  Hence,  both  ether  and  water  distil 
over  in  this  process,  the  evolution  of  one  of  these  bodies  favouring 
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the  separation  and  disengagement  of  the  other.  In  this  description, 
the  evolution  of  water  and  ether  are  for  the  sake  of  perspicuity 
supposed  to  alternate,  but  it  is  evident  that  the  result  of  such 
an  action  will  be  the  simultaneous  evolution  of  the  two  vapours 
in  a  certain  constant  relation  to  each  other. 

Influence  of  insoluhility.  —  The  great  proportion  of  chemical 
reactions  which  we  witness  are  exhibited  by  bodies  dissolved  in 
water  or  some  other  menstruum,  and  are  affected  to  a  great 
extent  by  the  relations  of  themselves  and  their  products  to  their 
solvent.  Thus  carbonate  of  potash  dissolved  in  water  is  decom- 
posed by  acetic  acid,  and  carbonic  acid  evolved,  the  affinity  of 
the  acetic  acid  prevaihng  over  that  of  the  carbonic  acid  for 
potash.  But  if  a  stream  of  carbonic  acid  gas  be  sent  through 
acetate  of  potash  dissolved  in  alcohol,  acetic  acid  is  displaced, 
or  the  carbonic  acid  prevails,  apparently  from  the  insolubility 
of  the  carbonate  of  potash  in  alcohol.  The  insolubility  of  a 
body  appears  to  depend  upon  the  cohesive  attraction  of  its  particles, 
and  such  decompositions  may  therefore  be  ascribed  to  the  prevalence 
of  that  force. 

Formation  of  compounds  hy  substitution. — It  is  remarkable 
that  compounds  are  in  general  more  easily  formed  by  substitution,  than 
by  the  direct  union  of  their  constituents ;  indeed,  many  compounds  can 
be  formed  only  in  that  manner.  Carbonic  acid  is  not  absorbed  by  anhy- 
drous Kme,  but  readily  by  the  hydrate  of  lime,  the  water  of  which  is 
displaced  in  the  formation  of  the  carbonate.  In  the  same  manner, 
ether,  although  a  strong  base,  does  not  combine  directly  with 
acids,  but  the  salts  of  ether  are  derived  from  its  hydrate  or 
alcohol,  by  the  substitution  of  an  acid  for  the  water  of  the 
alcohol.  In  all  the  cases,  likewise,  in  which  hydrogen  is  evolved 
during  the  solution  of  a  metal  in  a  hydrated  acid,  a  simple  sub- 
stitution of  the  metal  for  hydrogen  occurs. 

Combination  takes  place  with  the  greatest  facility  of  all 
when  double  decomposition  can  occur.  Thus  carbonate  of  lime 
is  instantly  formed  and  precipitated,  when  carbonate  of  soda  is 
added  to  nitrate  of  lime,  nitrate  of  soda  being  formed  at  the  same 
time  and  remaining  in  solution. 

Before  Decomposition.  After  Decomposition. 

r\    \.      ir     e    r.;\   fSoda   .     .     .  ^Nitrate  of  soda. 

Carbonate  of  soda  |  p^^^^^j^  ^^i^. 


TVTv    X      c^•  (Nitric  acid 

Nitrate  of  hme     .\^.^^  ^     ^     _ ^Carbonate  of  lime. 
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Here  a  double  substitution  occurs^  lime  being  substituted  for 
soda  in  the  carbonate,  and  soda  for  lime  in  the  nitrate.  Such 
reactions  may  therefore  be  truly  described  as  double  substitu- 
tions as  well  as  double  decompositions.  They  are  most  com- 
monly observed  on  mixing  two  binary  compounds  or  two  salts. 
But  reactions  of  the  same  nature  may  occur  between  compounds 
of  a  higher  order,  such  as  double  salts,  and  new  compounds  be 
thus  produced,  which  cannot  be  formed  by  the  direct  union  of 
their  constituents.  Thus  the  two  salts,  sulphate  of  zinc  and 
sulphate  of  soda,  when  simply  dissolved  together,  at  the  ordinary 
temperature,  always  crystallize  apart,  and  do  not  combine.  But  the 
double  sulphate  of  zinc  and  soda  is  formed  on  mixing  strong  solutions 
of  sulphate  of  zinc  and  bisulphate  of  soda,  and  separates  by  crystalliza- 
tion ;  the  sulphate  of  water  with  constitutional  water  (hydrated  acid  of 
sp.  gr.  1*78)  being  produced  at  the  same  time,  and  remaining  in 
solution.     The  reaction  wliich  occurs  may  be  thus  expressed :. 

Before  Decomposition.  After  Decomposition. 

HO,  S03  +  (]SraO,  SO3))    ^    CHO,  SOa  +  HO 
ZnO,  SO3  +  (HO)  )  (  ZnO,  SO3  +  NaO,  SO3 

in  which  the  constituents  of  both  salts  before  decomposition 
inclosed  in  brackets,  are  found  to  have  exchanged  places  after 
decomposition,  without  any  other  change  in  the  original  salts."^ 
The  double  sulphate  of  hme  and  soda  can  be  formed  artificially 
only  in  circumstances  which  are  somewhat  similar.  It  is  produced 
on  adding  sulphate  of  soda  to  acetate  of  lime,  the  sulphate  of 
lime,  as  it  then  precipitates,  carrpng  down  sulphate  of  soda  in  the 
place  of  constitutional  water  (Liebig). 

Different  hydrates  of  the  same  body,  such  as  peroxide  of  tin, 
differ  sensibly  in  properties,  and  afford  different  compounds 
with  acids,  unquestionably  because  these  compounds  are  formed 
by  substitution.  The  constant  formation  of  phosphates  con- 
taining one,  two,  or  three  atoms  of  base,  on  neutralising  the  cor- 
responding hydrates  of  phosphoric  acid  with  a  fixed  base,  like- 
■wdse  illustrates  in  a  striking  manner  the  derivation  of  compounds, 
on  this  principle.  Many  insoluble  substances,  such  as  the  earth 
silica,  possess  a  larger  proportion  of  water,  when  newly  precipi- 
tated, than  they  retain  afterwards,  and  in  that  high  state  of 
hydration   they   may   exhibit    affinities    for   certain    bodies    which 

*  On  Water  as  a  Constituent  of  Sulphates,  Phil.  Mag.  3d  series,  vol.  vi.  p.  417. 
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do  not  appear  in  other  circumstances.  Hydrated  silica  dissolves 
in  water  at  the  moment  of  its  separation  from  a  caustic  alkali; 
and  alumina  dissolves  readily  in  ammonia^  when  produced  in 
contact  with  that  substance  by  the  oxidation  of  aluminum. 
The  usual  disposition  to  enter  into  combination,  which  silica 
and  alumina  then  exhibit,  is  generally  ascribed  to  their  being  in 
tlie  nascent  state ;  a  body  at  the  moment  of  its  formation  and 
liberation,  in  consequence  of  a  decomposition,  being,  it  is  sup- 
posed, in  a  favourable  condition  to  enter  anew  into  combination. 
But  their  degree  of  hydration  in  the  nascent  state  may  be  the 
real  cause  of  their  superior  aptitude  to  combine. 

Double  decompositions  take  place  without  the  great  evolution 
of  heat  which  often  accompanies  the  direct  combination  of  two 
bodies,  and  with  an  apparent  facility  or  absence  of  effort,  as  if 
the  combinations  were  just  balanced  by  the  decompositions  which 
occur  at  the  same  time.  It  is,  perhaps,  from  tliis  cause  that  the 
result  of  double  decomposition  is  so  much  affected  by  circum- 
stances, particularly  by  the  insolubility  of  one  of  the  compounds. 
For  it  is  a  general  law,  to  which  there  is  no  exception,  that  two 
soluble  salts  cannot  be  mixed  without  the  occurrence  of  decom- 
position, if  one  of  the  products  that  may  be  formed  is  an  insoluble 
salt.  On  mixing  carbonate  of  soda  and  nitrate  of  lime,  the 
decomposition  seems  to  be  determined  entirely  by  the  insolubility 
of  the  carbonate  of  lime,  which  precipitates.  When  sulphate  of 
soda  and  nitrate  of  potash  are  mixed,  no  visible  change  occurs, 
and  it  is  doubtful  whether  the  salts  act  upon  each  other,  but  if 
the  mixed  solution  be  concentrated,  decomposition  occurs,  and 
sulphate  of  potash  separates  by  crystallization  owing  to  its  inferior 
solubility. 

It  may  sometimes  be  proved  that  double  decomposition  occurs 
on  mixing  soluble  salts,  although  no  precipitation  supervenes. 
Tlius,  on  mixing  strong  solutions  of  sulphate  of  copper  and 
cMoride  of  sodium,  the  colour  of  the  solution  changes  from 
blue  to  green,  which  indicates  the  formation  o  cnloride  of  copper 
and  consequently  that  of  sulphate  of  soda  also.  Now  it  is  known 
that  hydrochloric  acid  will  displace  sulphuric  acid  from  the 
sulphate  of  copper  at  the  temperature  of  the  experiment,  while 
sulphuric  acid  will,  on  the  other  hand,  displace  hydrochloric 
from  chloride  of  sodium.  It  hence  appears  that  in  the  pre- 
ceding double  decomposition,  those  acids  and  bases  unite  which 
have   the   strongest   affinity  for  each  other,    and   the   same  thing 
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may  happen  on  mixing  other  salts.  But  where  the  order  of 
the  affinities  for  each  other  of  the  acids  and  bases  is  unknown, 
the  occurrence  of  any  change  upon  mixing  salts,  or  the  extent  to 
which  the  change  proceeds,  is  entirely  matter  of  conjecture. 

It  was  the  opinion  of  BerthoUet,  founded  principally  upon  the 
phenomena  of  the  double  decompositions  of  salts,  that  decompositions 
are  at  all  times  dependent  upon  accidental  circumstances,  such  as 
the  volatility  or  insolubility  of  the  product,  and  never  result  from 
the  prevalence  of  certain  affinities  over  others;  and  consequently 
that  in  accounting  for  such  changes,  the  consideration  of  affinity  may 
be  neglected.  He  supposed  that  when  a  portion  of  base  is  presented 
at  once  to  two  acids,  it  is  divided  equally  between  them,  or  in  the 
proportion  of  the  quantities  of  the  two  acids,  and  that  one  acid  can 
come  to  possess  the  base  exclusively,  only  when  it  forms  a  volatile 
or  an  insoluble  compound  with  that  body,  and  thereby  withdraws  it 
from  the  solution,  and  from  the  influence  of  the  other  acid.  His 
doctrine  will  be  most  easily  explained  by  applying  it  to  a  particular 
case,  and  expressing  it  in  the  language  of  the  atomic  theory.  The 
reaction  between  sulphuric  acid  and  nitrate  of  potash  is  supposed  to 
be  as  follows.  On  mixing  eight  atoms  of  the  acid  with  the  same 
number  of  atoms  of  the  salt,  the  latter  immediately  undergoes  partial 
decomposition,  its  base  being  equally  shared  between  the  two  acids 
which  are  present  in  equal  quantities ;  and  a  state  of  statical  equili- 
brium is  attained  in  which  the  bodies  in  contact  are — 

(a)  Four  atoms  sulphate  of  potash. 
Tour  atoms  nitrate  of  potash. 
Tour  atoms  sulphuric  acid. 
Pour  atoms  nitric  acid. 

The  nitrate  of  potash,  it  is  supposed,  is  decomposed  to  the  extent 
stated,  and  no  farther,  however  long  the  contact  is  protracted.  But 
let  the  whole  of  the  free  nitric  acid  now  be  distilled  oif  by  the 
application  of  heat  to  the  mixture,  and  a  second  partition  of  the 
potash  of  the  remaining  nitrate  of  potash  is  the  consequence ;  the 
free  sulphuric  acid  decomposing  the  salt  till  the  proportion  of  the 
two  acids  uncombined  in  the  mixture  is  again  equal,  when  a  state  of 
equilibrium  is  attained.     The  mixture  then  consists  of — 

(b)  Six  atoms  sulphate  of  potash. 
Two  atoms  nitrate  of  potash. 
Two  atoms  sulphuric  acid. 
Two  atoms  nitric  acid. 
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On  removing  the  free  nitric  acid  as  before,  a  third  partition  of  the 
potash  of  the  remaining  nitrate  of  potash  between  the  two  acids  on 
the  same  principle  takes  place,  of  which  the  result  is— 

(c)  Seven  atoms  sulphate  of  potash. 
One  atom  nitrate  of  potash. 
One  atom  sulphuric  acid. 
One  atom  nitric  acid. 

The  proportion  of  the  two  acids  free  being  always  the  same.  The 
repeated  application  of  heat,  by  removing  the  free  nitric  acid,  wiU 
cause  the  sulphuric  to  be  again  in  excess,  which  will  necessitate  a 
new  partition  of  the  potash  of  the  remaining  nitrate  of  potash,  till  at 
last  the  entire  separation  of  the  nitric  acid  will  be  effected,  and  the 
fixed  product  of  the  decomposition  be — 

(d)  Eight  atoms  sulphate  of  potash. 

Here  the  affinity  of  the  sulphuric  and  nitric  acids  for  potash  is  sup- 
posed to  be  equal ;  and  the  complete  decomposition  of  the  nitrate  of 
potash  by  the  former  acid,  which  takes  place,  is  ascribed  to  the  vola- 
tility of  the  latter  acid,  which,  by  occasioning  its  removal  in  propor- 
tion as  it  is  liberated,  causes  the  fixed  sulphuric  acid  to  be  ever  in 
excess. 

Complete  decompositions  in  wliich  the  precipitation  of  an  insoluble 
substance  occurs,  were  explained  by  Berthollet  in  the  same  manner. 
On  adding  a  portion  of  baryta  to  sulphate  of  soda,  the  baryta  de- 
composes the  salt,  and  acquires  sulphuric  acid,  tiU  that  acid  is 
divided  between  the  two  bases  in  the  proportion  in  which  they  are 
present,  and  at  this  point  decomposition  would  cease,  were  it  not 
that  the  whole  sulphate  of  baryta  formed  is  removed  by  precipi- 
tation. But  a  new  formation  of  that  salt  is  the  necessary  consequence 
of  that  equable  partition  of  the  acid  between  the  two  bases  in  contact 
with  it,  which  is  the  condition  of  equilibrium ;  and  the  new  product 
precipitating,  more  and  more  of  it  is  formed,  till  the  sulphate  of  soda 
is  entirely  decomposed,  and  its  sulphuric  acid  removed  by  an  equi- 
valent of  baryta. 

According  to  these  views  of  Berthollet,  no  decomposition  should 
be  complete  unless  the  product  be  volatile  or  insoluble,  ^s  in  the 
cases  instanced.  But  such  a  conclusion  is  not  consistent  with  obser- 
vation, as  it  can  be  shewn  that  a  body  may  be  separated  completely 
from  a  compound,  and  supplanted  by  another  body,  although  none 
of  the  products  is  removed  by  the  operation  of  either  of  the  causes 
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specified,  but  all  contiuue  in  solution  and  in  contact  with  each  other. 
Thus  the  salt  borax,  which  is  a  biborate  of  soda,  is  entirely  decom- 
posed by  the  addition  to  its  solution  of  a  quantity  of  sulphuric  acid 
not  more  than  equivalent  to  its  soda,  although  the  liberated  boracic 
acid  remains  in  solution ;  for  the  hquid  imparts  to  blue  litmus  paper 
a  purple  or  wine-red  tint,  which  indicates  free  boracic  acid,  and  not 
that  characteristic  red  tint,  resembling  the  red  of  the  skin  of  the 
onion,  which  would  inevitably  be  produced  by  the  most  minute  quan- 
tity of  the  stronger  acid,  if  free.  But  if  the  borax  were  only  decom- 
posed in  part  in  these  circumstances,  and  its  soda  equally  divided 
between  the  two  acids,  then  free  sulphuric,  as  well  as  boracic  acid, 
should  be  found  in  the  solution.  The  complete  decomposition  of  the 
salt  can  be  accounted  for  in  no  way  but  by  ascribing  it  to  the  higher 
affinity  of  sulphuric  acid  for  soda,  than  that  of  boracic  acid  for  the 
same  base. 

According  to  the  same  views,  on  mixing  together  two  neutral 
salts  containing  different  acids  and  bases,  and  w^hich  do  not  precipi- 
tate each  other,  each  acid  should  combine  with  both  bases,  so  as  to 
occasion  the  formation  of  four  salts.  Again,  four  salts,  of  which  the 
acids  and  bases  are  all  dissimilar,  should  react  upon  each  other  in 
such  a  way  as  to  produce  sixteen  salts,  each  acid  acquiring  a  portion 
of  the  four  bases  ;  and  certain  acids  and  bases,  dissolved  together  in 
certain  proportions,  could  have  but  one  arrangement  in  which  they 
would  remain  in  equilibrio.  Hence  the  salts  in  a  mineral  water 
would  be  ascertained  by  determining  the  acids  and  bases  present,  and 
supposing  all  the  bases  proportionally  divided  among  the  acids.  But 
this  conclusion  is  inconsistent  with  a  fact  observed  in  the  preparation 
of  factitious  mineral  waters,  namely,  that  their  taste  depends  not  onlv 
on  the  nature  of  the  salts,  but  also  upon  the  order  in  which  they  are 
added.  (Dr.  Struve,  of  Dresden.)  Before  we  can  determine  how  the 
acids  and  bases  are  arranged  in  a  mineral  water,  or  what  salts  it 
contains,  it  may  therefore  be  necessary  to  know  the  history  of  its  for- 
mation. Instead  of  supposing  the  bases  equally  distributed  among 
the  acids  in  mixed  saline  solutions,  it  is  now  more  generally  assumed 
that  the  strongest  base  may  be  exclusively  in  possession  of  the 
strongest  acid,  and  the  weaker  bases  be  united  with  the  w^eaker  acids; 
a  mode  of  viewing  their  composition  which  agrees  best  with  the 
medical  quahties  of  mineral  waters  It  thus  appears  that  the  doc- 
trines of  Berthollet,  by  which  the  resulting  actions  between  bodies  in 
contact  are  made  to  depend  upon  their  relative  quantities  or  masses, 
and  the  physical  properties  of  the  products  of  their  combination,  to 
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the  entire  exclusion  of  the  agency  of  proper  affinities  between  the 
bodies,  cannot  be  admitted  as  a  true  representation  of  the  actual 
phenomena  of  combination. 


CATALYSIS,  OR  DECOMPOSITION  BY  CONTACT. 

An  interesting  class  of  decompositions  has  of  late  attracted 
considerable  attention,  which,  as  they  cannot  be  accounted  for  on 
the  ordinary  laws  of  chemical  affinity,  have  been  referred  by  Ber- 
zelius  to  a  new  power,  or  rather  new  form  of  the  force  of  chemical 
affinity,  which  he  has  distinguished  as  the  Catalytic  force,  and  the 
effect  of  its  action  as  Catalysis  (from  fcara,  downwards,  and  Xvw,  I 
unloosen).  A  body  in  which  this  power  resides,  resolves  others  into 
new  compounds,  merely  by  contact  with  them,  or  by  an  action  of  pre- 
sence, as  it  has  been  termed,  without  gaining  or  losing  anything  itself. 
Thus  an  acid  converts  a  solution  of  starch  (at  a  certain  temperature), 
first  into  gum  and  then  into  sugar  of  grapes,  although  no  combi- 
nation takes  place  between  the  elements  of  the  acid  and  those  of 
the  starch,  the  acid  being  found  free,  and  undiminished  in  quantity, 
after  effecting  the  change.  The  same  mutations  are  produced  in  a 
more  remarkable  manner  by  the  presence  of  a  minute  quantity  of  a 
vegetable  principle,  diastase ,  alKed  in  its  general  properties  to  gluten, 
which  appears  in  the  germination  of  barley  and  other  seeds,  and 
converts  their  starch  into  sugar  and  gum,  which,  being  soluble,  form 
the  sap  that  rises  into  the  germ,  and  nourishes  the  plant.  This 
example  of  the  action  of  a  catalytic  power  in  an  organic  secretion  is 
probably  not  the  only  one  in  the  animal  and  vegetable  kingdoms, 
for  it  is  not  unlikely  that  it  is  by  the  action  of  such  a  force  that  very 
different  substances  are  obtained  from  the  same  crude  material  by 
different  organs.  In  animals,  this  crude  material,  w^hich  is  the  blood, 
flows  in  the  uninterrupted  vessels,  and  gives  rise  to  all  the  different 
secretions ;  such  as  milk,  bile,  urine,  &c.  without  the  presence  of 
any  foreign  body  which  could  form  nev  combinations.  A  beautiful 
instance  of  an  action  of  catalysis  was  tiaced  by  Liebig  and  Wohler 
in  the  chemical  changes  which  the  bitter  almond  exliibits.  The 
apphcation  of  heat  and  water  to  the  almond,  by  giving  solubility  to 
its  emulsin  or  albuminous  principle,  enables  it  to  act  upon  an  asso- 
ciated principle,  amygdalin,  of  a  neutral  character,  which  then  fur- 
nishes bodies  so  unKke  itseK  as  the  volatile  oil  of  aim  nds,  hydro- 
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cyanic  and  formic  acids.  The  action  of  yeast  in  fermentation  is  a 
more  familliar  illustration  of  a  similar  power.  The  presence  of  that 
substance,  although  insoluble,  is  sufficient  to  cause  the  resolution  of 
sugar  into  carbonic  acid  gas  and  alcohol,  a  decomposition  wliich 
can  be  effected  by  no  other  known  means.  Changes  of  this  kind, 
although  most  frequent  in  organic  compounds,  are  not  confined  to 
them.  The  bhioxide  of  hydrogen  is  a  body  of  which  the  elements  are 
held  together  by  a  very  slight  affinity.  It  is  not  decomposed  by 
acids,  but  alkalies  give  its  elements  a  tendency  to  separate,  slow 
effervescence  occurring  with  the  disengagement  of  oxygen,  and  water 
being  formed.  Nor  do  soluble  substances  alone  produce  this  effect ; 
other  organic  and  inorganic  bodies,  also — such  as  manganese,  silver, 
platinum,  gold,  fibrin,  &c.  wliich  are  perfectly  insoluble — exert  a 
similar  power.  The  decomposition,  in  these  instances,  takes  place 
by  the  mere  presence  of  the  foreign  body,  and  without  the  smallest 
quantity  of  it  entering  into  the  new  compound ;  for  the  most  minute 
researches  have  failed  in  discovering  the  slightest  alteration  in  the 
foreign  body  itself.  The  liquid  persulphide  of  hydrogen,  and  a 
solution  of  the  nitrosulphate  of  ammonia  of  Pelouze,  are  decomposed 
in  the  same  way,  and  by  contact  of  nearly  all  the  substances  which 
act  upon  peroxide  of  hydrogen.  One  remarkable  difference,  indeed, 
is  observable,  namely,  that  alkalies  impart  stability  to  nitrosulphate  of 
ammonia,  wliile  acids  decompose  it,  or  the  reverse  of  what  happens 
with  both  the  binoxide  and  bisulphide  of  hydrogen."^ 

The  phenomena  referred  to  catalysis  are  of  a  recondite  nature,  and 
much  in  need  of  elucidation.  The  influence  of  platinum,  formerly 
noticed,  in  disposing  hydrogen  and  oxygen  to  unite,  is  probably 
connected  with  the  catalytic  power  of  the  same  metal,  but  is  at 
present  equally  inexplicable.  It  would  be  unphilosophical  to  rest 
satisfied  by  referring  such  phenomena  to  a  force  of  the  existence  of 
wliich  we  have  no  evidence.  The  doctrine  of  catalysis  must  be 
viewed  in  no  other  light  than  as  a  convenient  fiction,  by  wliich  we 
are  enabled  to  class  together  a  number  of  decompositions  not  pro- 
vided for  in  the  theory  of  chemical  affinity,  as  at  present  understood, 
but  which,  it  is  to  be  expected,  wiU  receive  their  explanation  from 
new  investigations.  It  is  a  provisional  hypothesis,  like  the  doctrine 
of  isomerism,  for  wliich  the  occasion  will  cease  as  the  science 
advances. 

*  Phil'.  Mag.  3d  Series,  vol.  x.  p.  489. 
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SECTION  II. — CHEMICAL  POLARITY. 

Illustrations  from  magnetical  polarity, — The  ideas  of  induction 
and  polarity,  which  now  play  so  important  a  part  in  physical  theories, 
were  originally  suggested  by  the  phenomena  of  magnetism,  which 
still  afford  the  best  experimental  illustrations  of  them.  A  bar 
magnet  exhibits  attractive  power  which  is  not  possessed  in  an  equal 
degree  by  every  particle  composing  the  bar,  but  is  chiefly  locahzed 
in  two  points  at  or  near  its  extremities.  The  powers,  too,  residing  at 
these  points  are  not  one  and  the  same,  or  similar,  but  different, 
indeed  contrary,  in  their  nature ;  and  are  distinguished  by  the  different 
names  of  Austral  magnetism  and  Boreal  magnetism.  The  opposition 
in  the  mode  of  action  of  these  powers  is  so  perfect,  that  they  com- 
pletely negative  or  neutralize  each  other  when  residing  in  the  same 
particle  of  matter  in  equal  quantity  or  degree,  as  they  are  supposed 
really  to  exist  in  iron  before  it  is  magnetized  ;  and  they  only  signalize 
their  presence  when  displaced  and  separated  to  a  distance  from  each 
other,  as  they  are  in  a  magnet.  A  body  possessing  any  such  powers 
residing  in  it,  which  are  not  general  but  local,  and  not  the  same 
but  opposite,  is  said  (in  the  most  general  sense)  to  possess  polarity. 
In  the  theory  of  magnetism,  it  is  found  necessary  to  consider  a 
magnet  as  composed  of  minute  indivisible  particles  or  filaments  of 
iron,  each  of  wliich  has  individually  the  properties  of  a  separate 
magnet.  The  displacement  or  separation  of  the  two  attractive 
powers  takes  place  only  witliin  these  small  particles,  which  are  called 
the  magnetic  elements,  and  must  be  supposed  so  minute  that  they 
may  be  the  ultimate  particles  or  atoms  themselves  of  the  iron. 
j,^^  gg  A    magnetic    bar    may,, 

therefore,  be  represented 
ph  as  composed  of  minute 
portions,  «  ^  in  fig.  58- 
representing  one  such 
portion;  the  right  hand  extrenaities  of  each  of  which  possess  one 
species  of  magnetism,  and  the  left  hand  extremities  the  other.  The 
unshaded  ends  being  supposed  to  possess  austral,  and  the  shaded 
ends  boreal  magnetismj  then  the  ends  of  the  bar  itself,  of  wliich  these 
sides  of  the  elementary  magnets  form  the  faces,  possess  respectively 
austral  and  boreal  magnetism,  and  are  the  austral  and  boreal  poles  of 
the  magnet.  Such,  then,  is  the  polar  condition  of  a  bar  of  iron 
possessing  magnetism,  of  which  the  attractive  and  repulsive  powers 
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Fig.  59. 


r^ 


residing  at  the  extremities  are  the  results.  Of  the  existence  of  such 
a  structure  the  breaking  of  a  magnet  into  two  or  more  parts  affords 
a  proof,  for  it  forms  as  many  complete  magnets  as  there  are  parts^ 
new  poles  appearing  at  all  the  fractured  extremities.  A  magnetic 
element,  it  is  to  be  remembered,  is  itself  insecable,  like  a  chemical 
atom,  so  that  the  division  must  take  place  between  magnetic  elements. 
When  to  the  boreal  pole  B  of  a  magnet  (fig.  59), 
which  may  be  of  the  horse-shoe  form,  a  piece  of  soft 
iron,  a  b,  wholly  destitute  of  magnetic  powers,  is  pre- 
sented, a  similar  displacement  of  the  magnetic  forces  of 
its  elements  occurs  as  in  the  magnet  itself;  oi  a  b 
becomes  a  magnet  by  induction,  and  may  attract  and 
L  13    induce  magnetism   in  a   second  bar  a    b' ;   both    of 

whjch  continue  magnetic  so  long  as  the  first  remains 
in  the  same  position,  and  under  the  influence  of  A  B. 
These  induced  magnets  must  have  the  same  polar 
molecular  structure  as  the  original  magnet,  but  their 
magnetism  is  only  temporary,  and  is  immediately  lost 
when  they  are  removed  from  the  permanent  magnet.  The  displace- 
ment of  the  magnetisms  in  these  induced  magnets  commences  at  the 
extremity  a  oi  a  b,  in  contact  with  B,  which  extremity  has  the 
opposite  magnetism  of  B,  (the  different  kinds  of  magnetism  being 
mutually  attractive,)  and  is  the  austral  pole  of  a  b ;  and  b  is  its 
boreal  pole.  Of  a  b'j  again,  the  upper  extremity  a',  in  contact  with  b\ 
is  the  austral,  and  the  lower  extremity  b'  the  boreal  pole,  or  b  and  b' 
have  the  same  kind  of  magnetic  power  as  the  pole  B  of  the  original 
magnet,  from  which  they  are  dependent.  A  third  bar  of  soft  iron 
placed  at  i'  is  likewise  polarized,  and  the  series  of  induced  magnets 
may  be  still  farther  extended,  but  the  at- 
tractive powers  developed  in  the  different 
members  of  the  series  become  less  and 
less  with  their  distance  from  the  pole  B  of 
the  original  magnet. 

A  similar  set  of  bars  may  be  connected 
with  A  (fig.  60),  which  become  tem- 
porary magnets  also  according  to  the  same 
law,  the  lower  extremities  of  this  set  being 
austral.  On  now  uniting  the  lower  extre- 
V  I  mities  of  both  sets  by  another  bar  of  soft 
iron  a"  b" ,  (fig.  61),  either  set  renders 
a"  b"  a  magnet,  having  its  austral  pole  at 
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Fig.  62. 


a"  and  its  boreal  pole  at  h" ;  and  acting  together,  they  communicate 
a  degree  of  magnetism  to  the  uniting  bar  greater  than  either  set  pos- 
sessed before  they  were  united.  By  this  connexion,  also,  the  inductive 
actions  of  each  set  of  bars  are  brought  to  bear  upon  the  other,  and 
the  attractive  forces  at  all  their  poles  are  thereby  greatly  increased. 
In  the  most  favourable  conditions  as  to  the  size  and  connexion  of  the 
temporary  magnets  with  relation  to  the  primary  magnet,  each  of  the 
former,  however  numerous,  acquires  powers  equal  to  those  of  the 
original  magnet.  This  general  enhancement  of  power  in  the  induced 
magnets  has  been  acquired,  therefore,  by  completing  the  circle  of  them 
between  A  and  B. 

It  is  also  important  to  observe,  with  a  view  to  the  future  applica- 
tion of  the  remark,  that  a  single  bar  of  soft  iron,  or  lifter y  as  h  ay 
(fig.  62),  connecting  the  poles  of  a  magnet  A  B,  not  only  acquires 
at  h  and  a  equal  though  opposite  powers  to  the  contiguous  poles  of 
the  magnet,  but  also  reacts  by  induction  on  these  poles 
themselves  in  a  gradual  manner,  and  increases  their 
magnetism.  The  original  magnetic  forces  of  A  and  B 
are  therefore  increased,  by  the  opportunity  to  act  induc- 
tively, which  the  connecting  bar  affords  them.  The 
threads  of  steel  filings  which  are  taken  up  by  a  magnet, 
(see  figure  63)  illustrate  the  inductive  action  of  magne- 
tism, for  each  grain  of  steel  is  a  complete  magnet,  and 
the  threads  a  series  of  connected  magnets.     It  will  be 

observed  also  that  these 
threads  diverge  from 
each  other  ;  because, 
while  unlike  poles  are 
in  contact  in  each 
thread,  which  attract, 
like  poles  are  in  con- 
tact of  adjoiningthreads 
which  repel.  This  repulsion  of  polar  chains  by  each  other,  there 
will  be  occasion  again  to  refer  to. 

Atomic  representation  of  a  double  decomposition. — Chemical 
polarity,  although  less  adapted  for  exhibition,  is  still  more  simple  than 
magnetic  polarity  in  its  nature,  while  it  is  of  a  more  fundamental 
character,  and  appears  to  be  the  basis  of  all  other  polarities  whatever. 
In  a  binary  compound, — such  as  chloride  of  potassium,— there  reside 
two  attractive  powers,  opposite  in  their  nature;  namely,  the  halogenous 
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affinity  of  the  salt-radical  chlorine,  and  the  basylous  affinity  of  the 
metal  potassium.  The  atomic  theory  gives  form  to  the  molecule 
of  chloride  of  potassium :  one  atom,  CI,  being  the  scat  of 
the  halogenous,  clilorous,  or  negative  affinity  (as  we  shall  also 
call  it) ;  and  the  other  atom,  K,  the  seat  of  the  basylous  or 
positive  affinity.  A  binary  saline  molecule  is  thus  entirely  similar 
to  a  magnetic  element.  We  have  to  deal  with  two  affinities  only, 
— the  cldorous  and  basylous.  Atoms  possessing  different  affinities 
attract  each  other;  while  atoms  possessing  the  same  affinity  repel 
each  other. 

The  two  binary  compounds,  hydrochloric  acid  (chloride  of  hydro- 
gen) and  oxide  of  lead,  w^hen  brought  into  contact,  mutually  decom- 
pose each  other,  forming  chloride  of  lead  and  water :  H  CI  and  Pb  O  = 
Pb  CI  and  H  O.  At  the  instant  of  acting  upon  each  other,  the  two 
compound  molecules  must  have  a  certain  relative  position.  Under 
(1),  the  basylous  hydrogen  of  the 
hydrocliloric  acid  is  presented  to 
the  basylous  lead  of  the  oxide  of 
lead,  atoms  wliich  repel  each  other. 
In  (2)  and  (3),  on  the  contrary,  a 
basylous  atom  of  one  molecule  is 
presented  to  a  halogenous  atom  in 
the  other,  H  to  O  in  (2),  and  CI 
to  Pb  in  (3).  These  are  attractive 
pairs ;  but,  before  they  can  enter 
into  new  combinations,  they  must  be  released  from  tlie 
atoms  with  wliich  they  are  already  combined;  wliich 
can  be  effected  in  (4),  the  only  disposition  of  the  polar 
molecules  in  which  both  attractive  poles  are  together, 
and  the  actual  decompositions  and  combinations  pos- 
sible :  CI  is  in  contact  mth.  Pb  at  tlie  same  time  that  H  is  in 
contact  with  0,  allowing  the  simultaneous  formation  of  Pb  CI  and 
H  O.  This  is  no  more  than  the  expression  of  a  double  decomposi- 
tion in  the  language  of  the  atomic  theory. 

It  is  further  to  be  observed,  that,  in  the  original  polar  molecules 
(4),  although  approximation  and  combination  are  promoted  by  the 
attraction  of  the  contiguous  unlike  poles,  they  are  opposed  by  the 
mutual  repulsion  of  the  like  poles ;  CI  repelling  O,  and  Pb  repelling 
H.  This  unfavourable  influence  of  the  repulsions  is  reduced  to  a 
minimum  in  the  arrangement  of  several  pairs  of  the  hydrochloric  acid 
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and  oxide  of  lead  molecules  to  form  one  circle.  In  (5),  four  pairs 
of  the  polar  molecules  are  symme- 
trically placed;  HCl  alternately 
with  PbO,  and  the  attractive  poles 
of  the  different  molecules  together. 
Affinities  tending  to  a  simultane- 
ous formation  of  chloride  of  lead 
and  water  are  equally  favoured  in 
this  arrangement,  as  in  (4) ;  while 
the  mutual  repulsion  of  the  like 
atoms, — such  as  the  H  and  Pb,  or 
the  CI  and  O  of  the  adjoining 
molecules  A  and  B— is  less,  as 
these  like  atoms  are  more  distant 
from  each  other  in  the  circular 
arrangement.  It  is  obvious  that 
the  repelling  atoms  will  be  more  distant  the  larger  the  circle,  or  the 
more  nearly  a  segment  of  it  approaches  to  a  straight  line.  This 
arrangement  of  many  pairs  in  a  circle,  being  a  condition  of  equi- 
librium, is  a  necessary  one,  and  must  take  place  in  all  double  decom- 
positions occurring  in  a  liquid  where  the  binary  molecules  are  free 
to  move.  The  formation  of  such  polar  circuits  explains  the  ready 
occurrence  of  double  decompositions ;  but  it  is  of  stiU- more  impor- 
tance, as  being  the  simplest  and  most  intelligible  exhibition  of  a 
voltaic  circle. 

Action  of  an  acid  upon  two  nietals  in  contact. — When  a  plate 
of  zinc  is  plunged  into  hydrochloric  acid,  a  chemical  change  of  a 
simple  nature  ensues;  the  metal  dissolves,  combining  with  the  chlorine 
of  the  acid  and  displacing  its  hydrogen,  the  gas-bubbles  of  which 
form  upon  the  zinc  plate,  increase  in  size,  detach  themselves,  and 
rise  through  the  liquor  to  its  surface.  The  solution  of  zinc,  when 
effected  by  its  substitution  for  hydrogen,  as  in  this  experiment,  is 
attended  by  a  train  of  extraordinary  phenomena,  which  become 
apparent  when  a  second  metal,  such  as  copper,  silver,  or  platinum,  is 
placed  in  the  same  acid  fluid,  and  allowed  to  touch  the  zinc,  the 
second  metal  being  one  upon  which  the  fluid  exerts  no  solvent  action, 
or  a  less  action  than  upon  zinc. 

The  zinc  plate  being  connected  by  a  metallic  wire  with  a  copper 
plate,  as  represented  in  fig.  64,  and  both  dipped  together  in  the 
hydrochloric  acid,  the  zinc  only  is  acted  upon,  and  dissolves  as  rapidly 
as  before ;  but  much  of  the  hydrogen  gas  now  appears  upon,  and  is 


240 


CHEMICAL  POLARITY. 


Fig.  64. 


Fig.  65. 


discharged  from  the  surface  of  the  copper  plate^ 
and  not  from  the  zinc.  The  hydrogen,  being 
produced  by  the  solution  of  the  zinc,  thus  ap- 
pears to  travel  through  the  liquid  from  that 
copper  metal  to  the  copper.  But  no  current  or  move- 
ment in  the  liquid  is  perceptible,  nor  any  pheno- 
menon whatever  to  indicate  the  actual  passage 
of  matter  through  the  liquid  in  that  ilirection. 
The  transference  of  the  hydrogen  must  take 
place  by  the  propagation  of  a  decomposition 
through  a  chain  of  particles  of  hydrocldoric 
acid  extending  from  the  zinc  to  the  copper,  and  may  be  conceived 
by  the  diagram  on  the  margin,  in  wliich  each  pair  of  associated 

circles  marked  cl  and  h  represents 
a  particle  of  hydrocldoric  acid. 
The  chlorine  cl  of  particle  1  in 
contact  with  the  zinc  combining 
copper  with  that  metal,  its  hydrogen  h 
combines,  the  moment  it  is  set 
free,  with  the  chlorine  of  particle 
2,  as  indicated  by  the  connecting 
bracket  below,  and  hberates  the 
hydrogen  of  that  particle,  which  hydrogen  forthwith  combines  with 
the  chlorine  of  particle  3,  and  so  on  through  a  series  of  particles  of 
any  extent  till  the  decomposition  reaches  the  copper  plat€,  wdien  the 
last  liberated  atom  of  hydrogen  (that  of  particle  3,  in  the  diagram) 
not  having  hydrochloric  acid  to  act  upon,  is  evolved  and  rises  as  gas 
in  contact  with  the  copper  plate. 

It  is  to  be  observed  that  this  succession  of  decompositions  and 
recombinations  leading  to  the  discharge  of  the  hydrogen  at  the 
copper,  does  not  occur  at  all  unless  that  plate  be  in  metallic  con- 
nexion with  the  zinc,  by  means  of  a  wire,  as  in  the  figure,  or  by  the 
plates  themselves  touching  without  or  witlun  the  acid  fluid.  Tliis 
would  seem  to  indicate  that  while  the  decomposition  travels  from 
the  zinc  to  the  copper  through  the  acid,  some  force  or  influence  is 
propagated  at  the  same  time  through  the  wire,  from  the  copper  back 
again  to  the  zinc.  That  something  does  pass  through  the  wire  in 
these  circumstances  is  proved  by  its  being  heated,  and  by  its  tem- 
porary assumption  of  certain  electrical  and  magnetic  properties. 
Whether  anything  material  does  pass,  or  it  is  merely  a  vibration  or 
vibratory  impulse,   or  a  certain  induced  condition  that  it  is  propa- 
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gated  through  the  molecules  of  the  wire,  of  which  the  electrical 
appearances  are  the  effects,  cannot  be  determined  with  certainty. 
But  a  power  to  effect  decomposition,  the  same  in  kind  as  that 
occurring  in  the  acid  jar,  and  which  acts  in  the  same  sense  or 
direction,  is  propagated  through  the  wire,  and  appears  to  be  funda- 
mental to  all  the  other  phenomena. 

Let  the  wire,  supposed  to  be  of 
platinum,  connecting  the  zinc  and 
copper  plates,  be  divided  in  the 
middle,  and  the  extremities  A  and 
B  of  the  portions  attached  to  the 
copper  and  zinc  plates  respectively 
be  flattened  into  small  plates,  and 
then  dipped  at  a  little  distance  from 
each  other  in  a  second  vessel  con- 
taining hydriodic  acid.  Iodine  will 
soon  appear  at  A,  although  that  ele- 
ment is  incapable  of  combining  with 
the  substance  of  the  platinum,  and  hydrogen  gas  will  appear  at  B. 
If  the  connecting  wire  and  the  small  plates  A  and  B  were  of  zinc  or 
of  copper,  the  hydriodic  acid  would  be  decomposed  precisely  in  the 
same  manner,  but  the  iodine  as  it  reached  A  would  unite  with  the 
metal  and  form  an  iodide.  Supposing  a  decomposing  force  to  have 
originated  in  the  zinc  plate,  and  to  have  circulated  through  the 
hydrocliloric  acid  in  the  jar  to  the  copper  plate,  and  onwards  through 
the  wires  and  the  hydriodic  acid  back  to  the  zinc,  as  indicated  by  the 
direction  of  the  arrows,  then  the  hydrogen  of  the  hydriodic  acid  has 
followed  the  same  course,  and  been  discharged  against  the  metallic 
surface  to  which  the  arrow  points. 

The  solution  of  the  zinc  in  hydrochloric  acid  which  developes 
these  powers,  acting  at  a  distance,  is  not  itself  impeded,  but  on 
the  contrary  is  promoted  by  exerting  such  an  influence  :  for,  placed 
alone  in  the  acid,  that  metal  scarcely  dissolves  at  all,  if  pure  and 
uncontaminated  with  other  metals,  or  if  its  surface  has  been  silvered 
with  mercury ;  but  it  dissolves  with  rapidity  when  a  copper  plate  is 
associated  with  it  in  the  same  jar,  in  the  manner  described.  Hence 
the  decomposing  power  which  appears  between  A  and  B  camiot  be 
viewed  as  actually  a  portion  of  that  which  causes  the  solution  of  the 
zinc  in  the  hydrochloric  acid,  for  that  force  has  suffered  no  diminu- 
tion in  its  own  proper  sphere  of  action. 
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This  combination  of  metals  and  fluids  is  known  as  the  simple 
voltaic  circle. 

To  explain  the  phenomena  of  the  voltaic  circle,  the  existence  of  a 
substantial  principle^  the  electric  fluids  has  been  assumed,  of  such  a 
nature  that  it  is  readily  communicable  to  matter,  and  capable  of 
circulating  through  the  voltaic  arrangement,  carrying  with  it  peculiar 
attractive  and  repulsive  forces  wliich  occasion  the  decompositions 
observed.  A  vehicle  was  thus  created  for  the  chemical  affinity  which 
is  found  to  circulate.  But  it  is  generally  allowed  that  this  form  of 
the  electrical  hypothesis  has  not  received  support  from  observations 
of  a  recent  date,  particularly  from  the  great  discoveries  of  Mr.  Fara- 
day, which  have  completely  altered  the  aspect  of  tliis  department  of 
science,  and  suggest  a  very  different  interpretation  of  the  phenomena. 
All  electrical  phenomena  whatever  are  found  to  involve  the  presence 
of  matter,  or  there  is  no  evidence  of  the  independent  existence  of 
electricity  apart  from  matter ;  so  that  these  phenomena  may  really  be 
exhibitions  of  the  inherent  properties  of  matter.  The  idea  of  any- 
tliing  like  a  circulation  of  electricity  through  the  voltaic  circle 
appears  to  be  abandoned.  Electrical  induction,  by  which  certain 
forces  are  propagated  to  a  distance,  is  found  to  be  always  an  action 
of  contiguous  particles  upon  each  other,  in  which  it  is  unnecessary 
to  suppose  that  any  thing  passes  from  particle  to  particle,  or  is  taken 
from  one  particle  and  added  to  another.  The  change  which  a 
particle  undergoes  takes  place  "wdthin  itself,  and  it  is  looked  upon  as 
a  temporary  development  of  different  powers  in  different  points  of 
the  same  particle.  The  doctrine  of  polarity  has  thus  come  to  be 
introduced  into  the  discussion  of  electrical  phenomena.^ 

One  reason  for  retaining  the  theory  of  an  electric  fluid  or  fluids 
is,  that  it  affords  the  means  of  expressing  in  distinct  terms  those 
strictly  physical  laws  which  are  reputed  electrical ;  and  for  many 
purposes  such  an  hypothesis  is  unquestionably  useful,  if  not  absolutely 
necessary ;  but  it  has  nothing  to  recommend  it  in  the  description  of 
the  chemical  phenomena  of  the  voltaic  circle.  These  admit  of  a 
perfectly  intelligible  statement,   when  viewed  as  an  exhibition  of 


*  For  Mr.  Faraday's  views,  the  eleventh  and  subsequent  series  of  his  Researches,  in 
the  Philosophical  Transactions  for  1836,  and  the  following  years,  may  be  referred  to. 
He  has  favoured  the  scientific  world  with  a  reprint  of  the  whole  series  :  Faraday's  Expe- 
rimental Researches  in  Electricity :  R.  and  J.  E.  Taylor,  London,  1839.  The  subject  is 
also  systematically  treated  in  the  work  of  the  late  Professor  Daniel],  entitled  an  Intro- 
duction to  the  Study  of  Chemical  Philosophy,  which  may  be  consulted  with  advantage. 
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ordinary  cliemical  affinity,  acting  in  particular  circumstances,  without 
any  electrical  hypothesis. 

Polarity  of  the  arrangement. — It  is  to  be  assumed  that  the  zinc 
and  hydrocliloric  acid  are  both  composed  of  particles,  or  molecules, 
which  are  susceptible  of  a  polar  condition.  Of  hydrocliloric  acid, 
the  chemical  atom  is  tlie  polar  molecule,  and  it  therefore  consists  of 
an  atom  of  chlorine  and  an  atom  of  hydrogen  associated  together. 
The  polar  molecule  of  zinc  may  be  supposed,  for  a  reason  which  will 
afterwards  appear,  to  consist  of  a  pair  Hkewise  of  associated  atoms, 
which,  however,  are  in  this  body  both  of  the  same  element.  The 
powers  appearing  in  a  polar  molecule  of  zinc  and  of  hydrochloric  acid 
are  the  same.  One  pole  of  each  molecule  has  the  basylous  attrac- 
tion, or  affinity,  which  is  characteristic  of  zinc,  or  zincoiis  attraction, 
and  may  be  called  tlie  zincous  pole ;  wliile  the  other  has  the  halo- 
genous  attraction,  or  affinity,  which  is  characteristic  of  cldorine,  or 
chlorous  attraction,  and  may  be  called  the  chlorous  pole. 

Zinc  and  acid  in  contact  may  therefore  be  represented  (fig.  67) 

by  trains  of  associated  pairs 
of  atoms.     In   the    mole- 

I  E  A  B  C  D  ' 

chlorine  atom  forms  tlie 
chlorous  pole,  and  is  turned  towards  the  zinc,  the  fluidity  of  the  acid 
allowing  its  molecule  to  take  that  position,  which  may  be  indicated 
by  inscribing  cl  in  the  circle  which  represents  the  chlorine  atom. 
The  other  atom  of  the  molecule  B,  or  the  hydrogen,  is  the  opposite, 
or  zincous  pole,  and  is  marked  z.  Of  the  two  atoms  forming  the 
polar  molecule  A  of  the  zinc,  the  exterior  atom  wliich  is  in  contact 
with  the  acid  has  thereby  zincous  attraction  developed  in  it,  and 
becomes  the  zincous  pole,  while  the  interior  becomes  the  chlorous 
pole,  as  indicated  in  both  by  the  inscribed  letters,  Tliis  polar 
condition  of  the  zinc  must  be  supposed  the  necessary  and  immediate 
consequence  of  its  contact  with  the  polar  acid. 

But  each  of  these  particles  throws  a  train  of  particles  of  its 
own  kind  into  a  similar  state  of  polarity  :  A,  the  contiguous 
particles  E  and  I  of  the  zinc,  and  B  the  contiguous  particles 
C  and  D  of  the  acid.  For  cl  of  A  becoming  a  chlorous  pole, 
developes  near  it  in  an  opposite,  or  zincous  pole  in  z  of  E, 
and  a  chlorous  pole  in  c/,  the  more  remote  extremity  of  E ; 
in  the  same  manner  as  the  austral  pole  of  a  magnet  developes, 
by  induction,    a  boreal   and  austral   pole   in  a   piece  of  soft  iron 
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applied  to  it.  And  as  the  induced  magnet,  thus  formed,  will  react 
upon  a  second  piece  of  iron,  and  render  it  also  magnetic,  so  the 
polarized  particle  E  renders  I  similarly  polar.  The  polar  arrange- 
ment of  the  particles  C  and  D  of  the  acid  is  produced  by  B  in  the 
same  manner.  But  as  in  a  series  of  induced  magnets  (fig.  59, 
page  236),  the  magnetism  acquired  diminishes  with  the  distance 
from  the  pole  of  the  original  magnet,  so  in  trains  of  chemically 
polarized  molecules,  such  as  A,  E,  I  and  B,  C,  D,  the  amount 
of  polarity  developed  in  each  molecule  mil  diminish  with  the  distance 
from  the  sources  of  induction  A  and  B ;  I  being  polarised  to  a  less 
degree  than  E,  and  D  than  C. 

In  the  electrical  theory  of  the  voltaic  circle  as  modified  by 
Mr.  Faraday,  the  zinc  and  hydrochloric  acid  are  equally  supposed 
to  have  a  polarizable  molecule.  The  polarity  is  also  developed  in 
these  molecules  by  their  approximation  or  contact.  The  molecule 
of  hydrochloric  acid  is  supposed  to  contain  the  positive  and  negative 
electricities,  which  possess  contrary  powers,  like  the  two  magnetisms, 
and  are  in  combination  and  neutralize  each  other,  in  the  non-polar 
condition  of  the  molecule.  But  the  contact  of  zinc  causes  the 
separation  of  the  two  electricities  in  the  acid  molecule,  its  atom 
of  chlorine  next  the  zinc  becoming  negative,  and  its  atom  of  hydro- 
gen positive.  The  electricities  of  the  zinc  molecule  are  separated 
at  the  same  time,  the  side  of  the  molecule  next  the  acid  becoming 
positive,  and  the  distant  side  negative.  The  positive  and  negative 
sides  of  the  two  different  molecules  are  thus  in  contact,  the  different 
electricities,  like  the  different  magnetisms,  attracting  each  other. 
Hence,  one  side  of  each  molecule  is  said  to  be  positive  instead 
of  zincous,  and  the  other  side  to  be  negative  instead  of  clilorous. 
Polarity  of  the  molecule  is  supposed  in  both  views,  but  on  one  view 
the  polar  forces  are  the  two  electricities,  on  the  other  two  chemical 
affinities.  The  difference  between  the  two  views  is  Httle  more  than 
nominal,  for  in  both  the  same  powers  and  properties  are  ascribed  to 
the  acting  forces.  The  electricities  are  supposed  to  be  the  cause 
of  the  chemical  affinities,  but  it  may  with  equal  justice  be  assumed 
that  chemical  affinities  are  the  cause  of  the  phenomena  reputed 
electrical.  One  set  of  forces  only  is  necessary  for  the  explanation 
of  the  phenomena  of  combination,  and  the  question  is,  whether  are 
these  forces  electrical  or  chemical  ?  Shall  electricity  supersede 
chemical  affinity,  or  chemical  affinity  supersede  electricity  ?  If  the 
electricities  should  be  retained,  in  discussing  the  voltaic  circle,  their 
names  might  well  be  changed,  the  positive  called  zincous  electricity. 
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and  the  negative  chlorous  electricity,  which  express  (as  will  appear 
more  cleai'ly  afterwards),  the  nature  of  the  chemical  affinities  with 
which  these  electricities  are  invested,  and  of  which  they  are  indeed 
constituted  the  sole  depositories.  The  propagation  of  the  effects  to 
a  distance  is  supposed  to  take  place  by  the  polarization  of  chains  of 
molecules,  on  the  electrical  as  well  as  chemical  theory  of  the  voltaic 
circle ;  so  that  the  explanations  which  follow,  although  expressed  in 
the  language  of  the  chemical  theory,  are  the  same  in  substance  as 
those  which  are  given  on  the  electrical  theory  as  now  understood. 

If  the  attractions  of  the  respective  zincous  and  clilorous  poles 
of  A  and  B  which  are  in  contact,  rise  to  a  certain  point,  the 
atom  -e  of  A  is  detached  from  the  mass  of  metal,  and  combines  with 
the  atom  cl  of  B,  which  last  atom  is  disengaged  at  the  same  time 
from  its  hydrogen.  Chloride  of  zinc  is  produced  and  dissolves  in 
the  liquid,  wliile  hydrogen  is  disengaged  and  rises  from  the  surface 
of  the  metal ;  or  we  have  the  ordinary  circumstances  of  the  solution 
of  an  isolated  mass  of  zinc  in  hydrochloric  acid. 

SIMPLE  VOLTAIC  CIRCLE. 

Circle  with  the  connecting  wire  unbroken. — When  the  zinc  is 
pure,  or  its  surface  amalgamated  with  mercury,  the  zincous  and 
chlorous  attractions  of  the  touching  poles  of  A  and  B  are  not  suf- 
ficiently intense  to  produce  these  effects,  and  combination  does  not 
occur.     Let  a  copper  plate  T  G  H  (fig  68),  be  then  introduced 

Fig.  68. 
Connecting  wire. 
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into  the  acid,  and  connected  by  a  metallic  wire  H  K  I  with  the  zinc. 
The  particles  of  the  acid  assume  chlorous  and  zincous  poles  as  before; 
so  also  do  those  of  the  zinc,  and  the  chain  of  polar  molecules  is 
now  continued  through  the  zinc  and  wire  to  the  copper,  the  ex- 
terior particle  P  of  which,  it  will  be  observed,  comes  thereby  to 
present  a  clilorous  pole  to  tbe  acid.  The  contiguous  particle  B  of 
acid  is  thus  exposed  to  a  second  induction  from  the  chlorous  polarity 
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of  the  copper^  which  increases  the  zincous  polarity  of  the  side  of  D 
next  P,  and,  therefore,  cooperates  in  enhancing  the  polar  con- 
ditions already  assumed  by  the  chain  of  acid  particles  extending 
between  the  two  metals.  An  endless  chain  or  circle  of  polar  mole- 
cules symmetrically  arranged  is  thus  formed,  such  as  exists  in  a 
magnet  of  which  the  poles  are  united  by  a  lifter,  in  which  every 
particle  in  the  chain  has  its  own  polar  condition  elevated  by  induction, 
and  at  the  same  time  does  itself  react  upon  and  elevate  the  polar 
condition  of  every  other  particle  in  the  chain.  The  result  of  this  is 
that  the  primary  attraction  of  the  zinc  atom  z  of  A,  for  the  chlo- 
rine, cl  of  the  hydrocliloric  acid  B,  is  increased,  and  attains  that 
degree  of  intensity  at  which  the  resistance  to  the  impending  com- 
bination is  overcome,  and  the  z  and  cl  of  A  and  B  unite.  But 
in  a  circle  of  polar  molecules,  in  which  the  condition  of  any  one 
molecule  determines  and  is  determined  by  that  of  every  other,  the 
intensity  of  the  polar  condition  is  necessarily  the  same  in  every 
element  of  the  circle.  The  chemical  polarity,  therefore,  of  the  other 
particles  forming  the  chain,  must  increase  to  an  equal  degree  as 
with  A  and  B,  when  the  circle  is  completed,  and  the  same  change 
must  now  occur  in  all  of  them  that  has  occurred  in  A  and  B.  The 
pole  of  B  next  C  is  intensely  zincous,  while  that  of  C  next  B  is  in- 
tensely chlorous,  whence  the  chlorine  and  hydrogen  cl  and  z  of  these 
two  particles  combine  together.  At  the  same  time,  and  for  the  same 
reason,  the  hydrogen  2r  of  C  unites  with  the  chlorine  cl  of  D ;  and 
so  on,  through  a  chain  of  particles  of  hydrochloric  acid  of  any  length, 
till  the  copper  is  reached,  when  the  last  acid  particle,  D  in  the 
figure,  yields  its  hydrogen  z  to  the  chlorous  pole  of  the  copper  cL 
But  the  hijdrogen  not  being  capable  of  combmitig  permanently 
with  the  copper,  is  liberated  as  gas  upon  the  surface  of  that 
metal. 

Some  internal  change  of  a  similar  character  appears  to  take  place 
in  the  chain  of  polarized  molecules  extending  through  the  metals 
themselves— a  series  of  molecular  detachments  and  re-attachments, 
among  the  atoms  of  their  polar  molecules,  like  the  decompositions 
and  recompositions  in  the  acid,  causing  evolution  of  heat  and  other 
phenomena,  generally  reputed  electrical,  which  the  zinc  and  copper 
plates  and  the  connecting  wire  exhibit. 

Amalgamation  of  the  zinc  plate.—The  polar  molecule  of  the 
metals  has  been  assumed  to  contain  two  atoms  (like  that  of  the 
acid),  with  the  view  of  assimilating  these  intestine  changes  in  the 
solid  to  those  occurring  in  the  fluid  portion  of  the  voltaic  circuit,  and 
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also  because  it  appears  to  account  for  the  advantage  of  amalgamating 
the  zinc  surface.  In  the  amalgamated  plate,  it  is  not  zinc  itself, 
but  a  chemical  combination  of  mercury  and  zinc,  which  is  presented 
to  the  acid,  in  which  mercury  is  the  negative  element,  and  which 
might,  therefore,  be  called  a  hydrarg3rride  of  zinc.  That  combination 
likewise  is  fluid.  It  must  constitute  the  polar  molecule,  which  will 
then  consist  of  an  atom  of  mercury  as  chlorous  pole,  and  an  atom  of 
zinc  as  zincous  pole,  and  not  of  two  atoms  of  zinc.  Such  metallic 
molecules  being  capable  of  movement  from  their  fluidity  will  place 
themselves,  in  forming  a  polar  chain,  with  their  unlike  poles  together, 
as  the  fluid  acid  particles  arrange  themselves.  So  that  in  an  amalgam 
of  zinc,  of  which  A,  E,  and  I,  are  polar  molecules  (fig.  68),  all  the 
atoms  marked  cl  are  mercury,  and  those  marked  z  are  zinc.  It  thus 
follows  that,  when  by  contact  with  an  acid  the  amalgam  is  polarized, 
it  presents  a  face  of  zinc  only  to  the  acid.  If  the  mercury  were  ex- 
posed to  the  acid,  that  metal  would  completely  derange  the  result, 
acting  locally  like  a  copper  plate,  as  will  afterwards  be  explained. 
The  previous  combination  of  the  zinc  (with  mercury)  likewise  pre- 
vents that  metal  from  yielding  easily  to  the  chlorine  of  hydrochloric 
acid ;  and  the  zinc  of  the  amalgam  is,  therefore,  not  dissolved,  till 
the  afiinities  are  enhanced  by  the  introduction  of  a  copper  plate  into 
the  acid,  and  the  formation  of  a  voltaic  circle. 

It  would  thus  appear  that  zinc,  associated  with  copper,  dissolves 
more  readily  in  the  acid  than  when  alone,  because  the  attraction  or 
affinity  of  the  zinc  for  chlorine  is  increased  by  the  completion  of  a 
circle  of  similarly  polar  molecules,  in  the  same  manner  as  the 
magnetic  intensity  at  one  of  the  poles  of  a  magnet  is  increased  on 
completing  the  circle  of  similarly  polarized  elements,  by  connecting 
that  pole  by  means  of  soft  iron  with,the  other  pole  (Eig.  62,  page 
237). 

Although  the  terms  of  the  electrical  hypothesis  are  at  present 
avoided,  still  it  will  be  convenient  to  denominate  the  zinc,  being  the 
metal  which  dissolves  in  the  acid,  the  active  or  positive  metal,  and 
the  copper,  which  does  not  dissolve,  the  inactive  or  negative  metal 
of  the  voltaic  circle. 

Looking  to  the  condition  of  the  two  connected  metals  in  the  acid, 
it  will  be  observed  that  the  surface  of  the  zinc  presented  to  the  acid 
has  zincous  affinity,  or  is  zinco-polar,  but  the  surface  of  the  copper 
presented  to  the  acid  has,  on  the  contrary,  chlorous  affinity,  or  is 
chloro-polar.  Such  a  condition  of  the  copper  is  necessary  to  the 
propagation  of  the  induction ;  and  the  advantage  of  copper  or  pla- 
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tinum  as  the  negative  metal  in  a  voltaic  arrangement  depends  upon 
there  being  Kttle  or  no  impediment  to  either  of  these  metals  assuming 
the  chlorous  condition,  that  can  arise  from  the  peculiar  affinity  of 
the  metals  named  for  the  chlorine  of  the  acid ;  an  affinity  wliich 
tends  to  cause  them  to  be  superficially  zincous  instead  of  chlorous. 
If  the  second  metal  were  zinc,  the  surface  of  it  would  be  disposed  to 
dissolve  in  the  acid,  and  becoming  on  that  account  zincous,  would 
induce  a  polarization  in  the  intermediate  acid  in  an  opposite  sense 
from  that  induced  by  the  first  plate  of  zinc ;  wliich  counter  polarizing 
actions  would  mutually  neutralize  each  other.  The  acid  between  the 
two  zinc  plates  would  be  like  a  piece  of  iron  connecting  two  like 
magnetic  poles,  which  itself  is  not  then  polarized. 

But  if  one  of  the  two  zinc  plates  were  less  disposed  to  dissolve  in 
the  acid  than  the  other,  from  the  physical  condition  of  its  surface, 
from  the  acid  being  weaker  there,  or  from  any  other  cause,  then  the 
plate  so  situat;ed  might  become  negative  to  the  other,  and  a  voltaic 
circle  of  weak  power  be  estabHshed,  in  which  both  metals  were  zinc. 
Impurity  of  the  zinc, — If  zinc  is  alone  in  the  acid,  and  every 
superficial  particle  of  the  metal  equally  disposed  dissolve,  then  the  zinc 
everywhere  exposes  a  surface  in  a  state  of  zincous  polarity ;  and  a 
polar  circle  in  the  liquid,  starting  from  one  particle  of  the  zinc  and 
returning  upon  another,  cannot  be  established,  as  this  requires  that 
a  part  of  the  zinc  surface  be  chlorous.  But  if  the  zinc  contains  on 
its  surface  a  single  particle  of  copper,  a  chlo- 

1      '     '  rous  pole  is  created,  upon  which  an  inductive 

CiXf^l      .  . ,  circle  starting  from  an  adjoining  particle  of  zinc, 

^.^^^^^^  A,  (fig.  69),  and  passing  tlu:ough  the  liquid,  may 

^^"^  "^-^2)  return  as  shewn  in  the  figure.     It  is  the  forma- 

(x)  Acid.tion  of  sueh  circles  that  causes  impure  zinc, 
kD  wliich  is  contaminated  by  other  metals,  to  dis- 
solve so  much  more  quickly  in  an  acid  than  the 
pure  metal.  Why  such  circles  are  not  formed 
when  the  positive  metal  in  combination  with  the 
zinc  is  mercury,  which  forms  a  fluid  alloy,  has 
already  been  accounted  for ;  and  the  nature  of  the  evil  wliich  might 
otherwise  attend  the  amalgamation  of  the  zinc  is  now  evident. 

The  whole  chain  of  polar  molecules  in  the  voltaic  circle  admits 
of  a  natural  division  into  two  segments,  the  acid  or  liquid  segment 
BCD  (fig.  68),  and  the  metallic  segment,  A  K  T,  each  of  which 
has  a  pair  of  poles,  the  unlike  poles  of  the  two  segments  being 
opposed  to  each  other.     The  pole  at  B  of  the  acid  portion  is  chlorous. 
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and  is  opposed  to  the  zincous  pole  at  A  of  the  metallic  segment ; 
while  the  pole  of  the  liquid  segment  at  D  is  zincous,  and  is  opposed 
to  the  chlorous  pole  of  the  metallic  segment  at  F.  The  distribution 
of  polarity  in  these  two  segments  is,  therefore,  the  same  as  in  two 
magnets  with  their  unlike  or  attracting  poles  in  contact. 

Such,  then,  is  the  action  of  affinity  by  induction,  which  the  mere 
introduction  of  zinc  and  copper  in  contact  into  the  same  acid  liquid 
is  sufficient  to  develope,  and  which  accounts  for  the  discharge  of  the 
hydrogen  upon  the  surface  of  the  copper  in  such  an  arrangement, 
the  remarkable  phenomenon  by  a  description  of  which  this  subject 
was  introduced. 

Circle  with  the  connecting  wire  broken. — It  remains  for  us  to 
apply  the  same  principles  to  explain  the  additional  phenomena  of  the 
second  case  described,  in  which  the  connecting  wire,  supposed  to  be 
of  platinum,  between  the  zinc  and  copper  plates,  is  divided,  and  the 
broken  extremities  introduced  into  hydriodic  acid  (fig.  68,  page  245). 

Broken  at  any  point,  as  at  K,  (Fig.  68),  it  is  evident  that  if  the 
polarised  condition  be  still  sustained,  the  portion  of  the  metaUic 
segment  connected  with  the  copper  plate  will  terminate  with  a 
zincous  pole  at  K,  and  that  connected  with  the  zinc  with  a  chlorous 
pole;  which  may  be  indicated  respectively  by  K  and  L,  in  fig.  70. 


Zinc. 


F       Copper. 


When  hydriodic  acid  is  interposed  between  K  and  L,  the  breach  is 
repaired  by  the  polarization  of  a  chain  of  particles  of  that  acid.  The 
extremity  K,  being  zincous,  induces  chlorous  polarity  in  the  side  of 
the  hydriodic  acid  particle  which  it  touches;  in  consequence  of  which 
the  iodine  atom  (the  analogue  of  chlorine)  of  the  hydriodic  acid 
molecule  is  presented  to  that  pole,  and  liberated  there  when  decom- 
position occurs.  The  extremity  L  of  the  zinc  or  positive  metal 
element  is  chlorous,  and  therefore  induces  zincous  polarity  in  the 
particle  of  hydriodic  acid  which  it  touches,  and  hydrogen  (the 
analogue  of  zinc)  is  liberated   there.     The  polarity  in  an  induced 
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circle  must  necessarily  be  of  equal  intensity  at  every  point  in  it,  and 
being  sufficient  at  A  to  cause  the  decomposition  of  the  hydrocldoric 
acid,  must  also  decompose  the  hydriodic  acid  between  K  and  L; 
otherwise  it  is  never  established  at  A,  nor  anywhere  else. 

In  the  present  arrangement,  the  voltaic  circle  is  broken  into  four 
segments,  or  has  four  polar  elements,  every  terminal  pole  of  which 
is  in  contact  with  a  pole  of  a  different  name ;  and  the  whole  arrange- 
ment may  be  compared  to  a  circle  of  four  magnets  with  the  attractive 
poles  in  contact. 

These  elements  are :  — First, 

^^^-  '^^-  the  zinc  plate  or  positive  me- 

riuid.  tal,  A  L,  of  which  the  end  at 

OA,   in  the   hydrochloric   acid 
(fig.  71),  has  zincous  affinity. 
Copper  or     ^nd  the  end  faced  with  plati- 
negative  .  ... 

metal.       num  at  L,   m  the  hydnodic 
acid,  chlorous  affinity. 
Secondly,  the  body  of  hy- 
riuid.  drochloric  acid,  A  T,  between 

the  zinc  and  copper  plates,  of 
which  the  surface  at  A,  in  contact  with  the  positive  metal,  has  chlorous, 
and  that  at  P,  in  contact  with  the  negative  metal,  zincous  affinity. 

Tliirdly,  the  copper  or  negative  metal  T  K,  of  which  the  end  at  E 
in  the  hydrocliloric  acid  has  chlorous  affinity,  and  that  faced  with 
platinum  at  K  in  the  hydriodic  acid,  zincous  affinity. 

And  fourthly,  the  body  of  hydriodic  acid,  K  L,  between  the 
zincous  and  chlorous  poles  of  the  negative  and  positive  metals,  of 
which  the  surface  K,  in  contact  with  the  negative  metal,  is  clilorous, 
and  the  surface  L,  in  contact  with  the  positive  metal,  zincous. 

In  every  voltaic  circle  employed  to  produce  decomposition  these 
four  elements  are  to  be  looked  for.  Hereafter,  in  adverting  to  any 
one  of  these  elements,  it  will  be  sufficient  to  confine  our  notice  to  its 
terminal  polarities  or  affinities,  without  recurring  to  the  polarized 
condition  of  the  element  itself,  upon  wliich  its  terminal  affinities 
depend. 

COMPOUND  VOLTAIC  CIRCLE. 

In  both  the  arrangements  described  there  is  only  one  source  of 
polarizing  force,  namely,  the  action  between  the  zinc  and  acid  at  A. 
But  a  circle  of  a  similar  nature  may  be  constructed  embracing  within 
itself  two  or  more  of  such  primary  sources  of  polarizing  power,  and 
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tlie  intensity  of  the  polar  condition  of  the  whole  circle  be  thereby 
greatly  increased. 

Figure  72  represents  such  a  circle^  in  which  there  are  two  zinc 
plates,  both  supposed  to  be  in  contact 
with  hydrochloric  acid,  namely  at  A 
and  at  C,  and  a  copper  plate  attached 
to  each  of  these  zincs.  The  polar 
condition  of  such  a  circle  will  easily 
be  observed.  By  the  contact  of  the 
acid  and  zinc  at  A,  a  zincous  pole 
is  estabHshed  there  in  the  first  zinc 
plate,  and  a  chlorous  pole  in  the 
acid,  wliich  are  so  inscribed  in  the  diagram.  These  occasion  the 
formation  of  a  chlorous  pole  at  D  in  the  first  copper,  the  united  zinc 
and  copper  A  D  forming  together  one  polar  element ;  and  a  zincous 
pole  at  B  in  the  acid,  the  column  A  B  of  acid  being  the  second  polar 
element.  The  further  effect  of  the  induction  is  to  produce  a  chlorous 
pole  at  B  in  the  second  copper,  of  which  the  corresponding  zincous 
pole  is  at  C,  in  the  second  zinc ;  the  united  zinc  and  copper  B  C 
forming  together  a  third  polar  element.  And,  as  a  last  consequence 
of  the  inducing  force  originating  at  A,  the  column  of  acid  between  C 
and  D  becomes  a  fourth  polar  element  of  the  circle,  having  a  chlorous 
pole  at  C  and  a  zincous  pole  at  D.  Now  it  will  be  observed  that 
the  chemical  affinity  between  the  acid  and  zinc  at  C  tends  to  produce 
the  same  polar  conditions  at  that  point  as  are  already  established 
there  from  the  effect  of  induction.  The  extremity  of  the  zinc  plate 
at  C  is  in  fact  zincous,  both  primarily  and  by  induction  j  and  the 
acid  in  contact  with  it  chlorous,  likewise  both  primarily  and  by 
induction ;  and  generally,  throughout  the  whole  circle,  the  polar 
conditions  determined  by  the  second  chemical  action  at  C  are  the 

same   as  those  determined  by  the 
first  action  at  A. 

In  the  last  arrangement,  the  in- 
ductive actions  are  in  the  same 
direction,  and  favour  each  other ; 
but  a  circle  may  be  constructed  in 
which  the  inductions,  being  in  op- 
posite directions,  oppose  and  neu- 
tralize each  other.  Thus  if  A  D 
Fluid.  (fig.  73)  be  entirely  zinc,  both  its 

extremities  being  exposed  to  acid,  will  tend  equally  to  be  zincous. 


Ziuc. 


Copper. 
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In  the  same  way,  if  B  C  be  entirely  copper,  the  condition  of  both  its 
extremities  will  be  chlorous,  from  the  action  of  the  acid  on  the  two 
ends  of  the  zinc ;  and,  consequently,  the  elements  of  such  a  circle 
could  have  no  polarity. 

A  circle  is  represented  in  fig.  74,  containing  three  sources  of  pola- 
rizing force.  It  consists  of  tliree  alternations  of  copper  and  zinc  sym- 
metrically arranged,  and  forming  three 
polar  elements  P  A,  B  C,  and  D  E,  with 
three  acid  columns  between  these  alter- 
nations, which  form  three  additional 
polar  elements,  A  B,  C  D,  and  E  E. 
The  number  of  alternations  of  copper 
and  zinc  with  acid  may  obviously  be 
increased  to  any  extent,  and  the  che- 
mical action  of  the  acid  on  the  zinc  in 
each  alternation  is  found  to  increase  in 
a  marked  manner  up  to  the  number  of  10  or  12  alternations.  This 
increase  of  the  affinity  is  undoubtedly  owing  to  the  favouring  in- 
ductive action  which  the  chemical  actions  at  the  different  points  have 
upon  each  other.  Such  a  compound  circle  may  be  compared  to  a 
number  of  magnets  disposed  in  a  circle  with  their  attracting  poles 
together,  of  which  each  would  have  its  magnetic  intensity  exalted  by 
induction  from  all  the  rest.  When  such  a  circle  is  broken  at  any 
point,  all  chemical  action  and  polarization  cease  till  contact  is  again 
made,  and  the  circuit  completed.  The  polarization,  too,  being  the 
result  of  a  circular  induction  involving  so  many  lines  or  chains  of 
particles,  cannot,  when  once  established,  be  more  or  less  at  any  one 
point  in  the  circuit  than  at  others.  The  resulting  chemical  action 
must,  therefore,  be  every  where  equal  in  the  circle,  and  consequently 
the  same  quantity  of  zinc  be  dissolved,  and  hydrogen  evolved  in  each 
acid. 

If  any  metalHc  element  of  this  compound  circle  be  broken,  and  a 
polarizable  liquid  be  interposed  between  the  metallic  extremities  so 
as  to  complete  the  circuit,  decomposition  occurs  in  that  liquid  as  in 
the  simple  interrupted  circle  (fig.  70).  But  the  polarizing  influence  of 
the  compound  circle  being  of  liigh  intensity,  more  numerous  and 
difficult  decompositions  are  effected  by  means  of  it  than  by  the 
simple  circle.  The  compound  voltaic  circle  is  indeed  a  decomposing 
instrument  of  great  efficiency. 

If,  in  this  arrangement,  the  position  of  one  of  the  metals  in  the 
series  be  reversed,  so  that  a  zinc  is  where  a  copper  should  be,  then, 
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by  the  action  of  the  acid  on  that  zinc,  polarization  in  the  wrong 
direction  is  occasioned,  which  greatly  diminishes  the  general  polarity 
of  the  circle,  reducing  it  in  an  arrangement  of  ten  alternations  to  one- 
fourth,  according  to  Mr.  Daniell. 

Voltaic   lattery. — In  the  first  of  the  two   annexed   diagrams 
(fig.  75)  is  represented  a  compound  circle,  such  as  is  employed  to 

Fig.  75. 


produce  decomposition,  and  called  a  voltaic  battery,  consisting  of  three 
acid  jars,  each  of  which  contains  a  zinc  and  copper  plate,  and  which 
are  termed  active  cells,  as  they  are  sources  of  polarizing  power,  from 
the  action  of  acid  upon  zinc  which  takes  place  in  them. 

In  the  second  diagram  (fig.  76),  the  same  arrangement  is  repeated. 

Fig  76. 


with  the  addition  of  a  third  jar,  termed  the  decomposing  cell,  which 
contains  any  binary  polar  liquid,  with  two  platinum  plates  immersed 
in  it.  Each  copper,  it  will  be  seen,  is  connected  by  a  wire  with  the 
following  zinc ;  and,  in  the  first  diagram,  the  copper  in  the  third  cell 


254  CHEMICAL  POLARITY. 

C"  is  immediately  connected  with  the  zinc  in  the  first  cell  Z  by  a 
wire,  and  the  circuit  thus  completed.  The  polar  elements  in  the 
circle  of  the  first  diagram,  it  will  be  found,  are  six  in  number ;  namely, 
the  three  acid  columns  between  the  metals  in  the  cells  ah,  c  dy  and 
ef;  and  the  three  pairs  of  zinc  and  copper  plates,  each  of  which 
pairs  forms  a  single  polar  element,  of  which  the  surface  of  the  zinc  is  the 
zincous,  and  the  surface  of  the  copper  the  chlorous  pole.  In  the 
second  diagram,  one  of  these  metallic  ehjments  Z  C"  is  divided,  and 
a  polar  liquid  g  h,  in  the  cell  of  decomposition,  interposed  between 
the  broken  extremities  PI  and  PF.  To  ascertain  the  polar  condition 
of  the  extremities,  or  the  terminal  platinum  plates  in  the  decomposing 
cell,  it  is  to  be  observed  that  PI'  with  Z  forms  one  polar  element,  of 
which  Z  being  a  zincous  pole,  PI'  must  be  a  clilorous  pole.  Again, 
PI  with  C"  forms  one  polar  element,  of  which  C"  being  a  chlorous 
pole,  PI  must  be  a  zincous  pole.  Now,  the  platinum  plates  PI  and 
Pr,  which  are  thus  zincous  and  clilorous,  are  disposed  in  the  decom- 
posing cell,  in  regard  to  one  another, — the  first  to  the  left,  and  the 
second  to  the  right,  as  the  zincous  and  chlorous  plates  (the  zinc  and 
copper)  also  are  arranged  in  the  active  cells.  It  will  be  convenient 
to  distinguish  by  names  the  poles  which  these  terminal  platinum 
plates  constitute,  as  they  are  much  more  frequently  referred  to,  and 
of  greater  consequence  than  any  other  poles  in  the  voltaic  battery, 
when  used  as  an  instrument  of  decomposition,  as  it  constantly  is. 
The  chlorous  plate  PI',  wliich  is  in  connexion  with  a  zinc  plate  Z, 
may  be  called  the  chloroid  (like  chlorine),  and  the  zincous  plate  PI, 
which  is  connected  with  a  copper  plate  C",  may  be  called  the  zincoid 
(like  zinc), — names  which  express  the  virtual  properties  of  each  plate, 
or  the  particular  attractive  power  and  affinity  which  each  of  them 
acquires  from  its  place  in  the  circle. 

When  hydrochloric  acid  is  the  polar  liquid  interposed  between  these 
plates,  clilorine  is  of  course  attracted  by  the  surface  of  the  zincoid, 
and  discharged  there ;  and  hydrogen  by  the  face  of  the  chloroid,  and 
discharged  upon  that  plate.  On  the  electrical  hypothesis,  the  same 
plates  are  variously  denominated : — 

The  zincoid  as  the  positive  pole,  the  positive  electrode,  the  anode, 
and  the  zincode. 

The  chloroid  as  the  negative  pole,  the  negative  electrode,  the 
cathode,  and  the  platinode. 

The  cell  of  decomposition  thus  interpolated  in  the  voltaic  circle  is 
an  obstacle  to  induction,  and  reacts  on  the  whole  series,  reducing  the 
chemical  a^jtion  and  evolution  of  hydrogen  in  each  of  the  active  cells 
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by  at  least  one-third.  In  that  retarding  cell  itself,  the  amount  of 
decomposition  is  necessarily  the  same  as  in  the  other  cells.  Mr. 
Daniell  found  the  chemical  action  reduced  to  one-tenth  in  a  series  of 
eight  active  and  two  such  retarding  cells ;  and  entirely  stopped  by 
three  retarding  to  seven  active  cells. 


OF  THE  SOLID  ELEMENTS  OF  THE  VOLTAIC  CIRCLE. 

The  elements  of  a  Yoltaic  Circle  are  obviously  of  two  different  kinds 
— the  metals  or  solid  portions,  through  the  substance  of  which  che- 
mical induction  is  propagated  without  decomposition ;  and  the  liquids 
in  the  cells,  which  yield  to  the  induction  and  suffer  decomposition. 
In  reference  to  the  first,  it  is  to  be  observed  that,  as  only  iron  and 
one  or  two  other  metals  of  the  same  natural  family  are  susceptible  of 
magnetic  polarity,  so  the  susceptibility  of  chemical  polarity  which 
appears  in  the  voltaic  battery  is  not  possessed  by  soHds  in  general, 
but  is  confined  to  the  class  of  bodies  to  which  zinc  belongs, — the 
metals,  all  of  which  possess  it,  with  the  addition  of  carbon  in  the 
form  of  charcoal,  and  certain  metallic  sulphides,  more  particularly 
the  sulphide  of  silver  when  heated.  Weak  solutions  of  the  alkaline 
sulphides,  containing  an  excess  of  sulphur,  also  admit  of  a  feeble 
polarity  without  undergoing  decomposition.  The  non-metalhc  ele- 
ments, with  their  compounds,  the  oxides  and  salts  of  the  metals,  are 
destitute  of  tliis  power,  and  cannot,  therefore,  be  used  as  solid 
elements  of  the  circle.  A  body  available  for  this  purpose  is  termed 
a  conductor  on  the  electrical  hypothesis,  a  name  wliich  may  be  re- 
tained as  it  is  not  at  variance  with  the  function  assigned  to  the  metals 
in  the  circle  viewed  as  a  chemico-polar  arrangement.  Two  different 
metals  are  combined  in  a  circle,  one  of  wliich  is  acted  on  by  the 
liquid,  and,  therefore,  called  the  active  or  the  positive  metal;  while 
the  other  is  not  acted  upon,  and  is,  therefore,  called  the  inactive  or 
the  negative  metal ;  and  it  has  already  been  stated,  that  the  more 
easily  acted  on  by  the  liquid,  or  the  more  highly  positive  the  one 
metal,  and  the  less  easily  acted  upon,  or  more  negative  the  other 
metal,  the  more  proper  and  efiicacious  is  the  combination.  In  the 
following  table  several  of  the  metals  are  arranged  in  the  order  in 
which  they  appear  positive  or  negative  to  each  other,  when  acted  oii 
by  the  acid  fluids  commonly  employed  in  the  voltaic  battery.  Each 
metal  is  positive  to  any  one  below  it  in  the  table,  and  negative  to  any 
one  above  it. 
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Most  positive. 

Potassium. 
Sodium. 
Manganese. 
Zinc. 

Cadmium. 
^  Iron. 

Nickel. 
Cobalt. 
Lead. 
Tin. 

Bismuth. 
Copper. 
Silver. 
Mercury. 
Palladium. 
Carbon. 
Platinum. 
Rhodium. 
Iridium. 
Gold. 

Most  negative. 

Zinc,  which  stands  high  in  the  list,  is  the  only  metal  which  can  be 
used  with  advantage  in  the  voltaic  battery,  as  the  positive  metal. 
Although  closely  approaching  zinc  in  the  strength  of  its  affinities, 
iron  is  ill  adapted  for  the  purpose,  from  the  impossibility  of  amalga- 
mating its  surface,  the  irregularity  of  its  structure,  and  certain  pecu- 
liarities of  this  metal  in  reference  to  chemico-polarity.  Platinum 
forms  an  excellent  negative  metal,  from  the  w^eakness  of  its  affinities, 
and  is  generally  used  for  the  plates  in  the  cell  of  decomposition. 
Silver  also  is  highly  negative,  but  copper  is  the  only  negative  metal 
which  from  its  cheapness  can  be  used  in  the  construction  of  active 
cells  of  considerable  magnitude. 

Voltaic  protection  of  metals. — But  although  the  difference 
between  two  metals  in  point  of  affinity  be  very  small,  yet  their 
association  in  the  same  acid  always  gives  a  decided  predominance  to 
the  affinity  of  the  more  positive,  by  causing  the  surface  of  the  other 
to  become  chlorous,  and  therefore  wholly  inactive  in  an  acid  fluid. 
A  negative  metal  may  thus  be  protected  from  the  solvent  action  of 
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saline  and  acid  liquids,  by  association  with  a  more  positive  metal ; 
iron,  for  instance,  by  zinc,  as  in  articles  of  galvanized  iron,  which 
are  coated  with  the  former  metal.     The  process  is  analogous  to  the 
making  of  tin-plate.     The  surface  of  the  iron  (generally  sheet  iron) 
is  first  cleaned  from  all  adhering  oxide  by  a  dilute  acid :  then  im- 
mersed in  a  weak  solution  of  tin,  with  fragments  of  metallic  tin, 
according  to  the  improved  practice  of  Messrs.  Morewood  and  Eogers, 
by  which  the  iron  is  covered  by  a  film  of  tin,  to  which  zinc  is  capable 
of  adhering  more  uniformly  than  to  an  iron  surface.     The  article  so 
prepared  is  then  passed  once  tlirough  a  bath  of  melted  zinc,  of  which 
the  surface  is  covered  by  the  fused  chloride  of  zinc  and  ammonium, 
to  protect  the  metal  from  oxidation.     It  thus  acquires  a  smooth 
and  beautifully  crystallized  coating  of  zinc.     Copper  is  protected  by 
either  zinc  or  iron,  as  was  remarkably  illustrated  in  the  attempt  made  by 
Sir  H.  Davy  to  defend  the  copper  sheathing  of  ships  from  corrosion 
in  sea-water,  by  means  of  his  protectors.     These  were  small  masses 
of  iron  or  zinc  fixed  upon  the  ship's  copper,  at  different  points  under 
the  water  line.     They  completely  answered  the  purpose  of  protecting 
the  copper,  but  unfortunately  gave  rise  to  a  deposition  of  earthy 
matter  upon  that  metal  to  which  barnicles  and  sea- weeds  attachea 
themselves,  and  thereby  diminished  the  facility  of  the  ship's  motion 
through  the  water.   The  more  recent  substitution,  by  Mr.  Muntz,  of 
an  alloy  of  60  parts  of  copper  and  40  of  zinc,  for  pure  copper,  has 
proved  more  successful.     In  acting  as  a  protecting  positive  metal, 
zinc  necessarily  undergoes  corrosion,  but  more  slowly  than  might  be 
expected.     On  zinced  articles  which  are  exposed  to  the  air  only,  and 
not  immersed  in  water,  a  film  of  suboxide  of  zinc  soon  appears,  which 
forms  a  hard  covering,  and  protects  the  metal  below  from  further  change. 
On  the  other  hand,  the  injurious  effect  of  association  with  a  nega- 
tive metal  is  often  accidentally  illustrated,  as  in  the  corrosion  of  the 
ends  of  iron  railings,  which  are  fixed  in  their  sockets  by  lead,  a  more 
negative  metal.     In  dye-coppers,  an  iron  steam-pipe  with  a  rose  of 
lead  or  copper  is  quickly  destroyed.  Some  kinds  of  cast  iron  undergo 
a  rapid  corrosion,  when  exposed  to  sea- water,  the  carbon  acting  as  a 
negative  body  and  ultimately  remaining  in  the  form  of  plumbago 
after  all  the  metal  has  disappeared. 

A  weak  voltaic  circle  may  even  be  formed  of  a  single  positive 
metal  in  an  acid,  as  the  zinc  A  B  (fig.  77),  provided  the  surfaces  of 
the  metal  exposed  to  the  acid  at  A  and  B  are  in  different  conditions 
as  to  purity  or  mechanical  structure,  and  therefore  unequally  acted  upon 
by  the  acid ;  whereupon  the  part  least  disposed  to  dissolve  becomes 
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Tig.  78. 


negative  to  the  other.  A  zinc  plate  may  also  be 
unequally  acted  on  and  thrown  into  a  polar  state, 
from  the  liquid  in  which  it  is  immersed  varying 
in  composition  and  activity  at  different  points 
of  the  metallic  surface.  A  circle  may  thus 
be  formed  of  one  metal  A  Z  B,  with  two 
liquids  A  E  and  E  B,  which  merge  into  each 
other,  and  form  together  one  polar  ele- 
ment A  B. 

The  two  metals  in  a  circle  have  generally  been  exhibited  in  metallic 
contact,  and  forming  together  one  polar  element,  but  they  may  be 
separated,  as  are  the  zinc  and  copper  plates  A  D  and  C  B  in  the 
diagram  (fig.  78),  by  two  fluids,  provided  these  fluids  are  such  as  a 
strong  acid  at  A  B,  and  as  iodide  of  potas- 
sium at  D  C,  the  first  of  which  acts  very 
powerfully  on  zinc,  while  the  other  acts  very 
feebly  upon  that  metal  (unless  associated 
I ^ with  copper);  so  that  of  the  consequent 
opposing  inductions,  that  originating  at  A 
greatly  exceeds  and  overpowers  that  of  D. 
It  is  likewise  necessary  that  the  fluid  D  C 
be  of  easy  decomposition,  so  as  to  yield  to 
the  polar  power  of  the  single  circle.  In  this  arrangement,  however, 
it  is  obvious  that  the  zinc  itself  forms  a  complete  polar  segment,  of 
which  A  is  the  zincous,  and  D  the  chlorous  pole;  and  the  copper  also  an 
entire  polar  segment  of  which  B  is  the  chlorous,  and  C  the  zincous  pole. 
The  preceding  table  exhibits  the  relation  which  the  metals  enume- 
rated assume  to  each  other,  in  the  acid  and  saline  solutions  usually 
employed  as  exciting  fluids.  But  the  relation  of  any  one  metal  to 
another  is  not  the  same  in  aU.  exciting  fluids.  Thus  when  tin  and 
copper  are  placed  in  acid  solutions,  the  former  is  most  rapidly 
corroded  and  becomes  the  positive  metal,  according  to  its  position  in 
the  series,  but  if  they  are  put  into  a  solution  of  ammonia  which  acts 
most  upon  the  copper,  then  the  latter  becomes  the  positive  metal. 
Copper  is  positive  to  lead  in  strong  nitric  acid,  which  oxidizes  the 
former  most  freely,  whereas  in  dilute  nitric  acid,  by  which  the  lead 
is  most  rapidly  dissolved,  the  lead  is  positive. 


LIQUID   ELEMENTS   OF  THE   VOLTAIC   CIUCLE. 

With  the  view  of  simplifying  the  statement  of  the  circular  decom- 
positions which  occur  in  the  voltaic  circle,  the  exciting  fluid  has 
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hitherto  always  been  supposed  to  be  hydrochloric  acid  (chloride  of 
hydrogen),  and  this  compound  is  a  fair  type  of  the  class  of  bodies 
which  possess  a  polar  molecule,  and  are  available  for  the  purpose  of 
bringing  these  changes  into  play.  The  exciting  fluid  is  always  a 
saline  hody  in  the  general  sense  ;  that  is,  a  binary  compound  of  a  salt- 
radical  or  halogen,  such  as  chlorine,  with  a  basyl,  such  as  hydrogen  or  a 
metal.  The  chloride  of  copper,  cliloride  of  sodium,  chloride  of  ammonium, 
or  the  cliloride  of  any  other  basyl,  may  be  substituted  for  hydrochloric 
acid,  although  not  all  with  the  same  advantage ;  and  the  chlorides  of 
basyls  may  be  replaced  by  their  iodides,  sulpliionides,  (sulphates) 
nitrationides,  (nitrates)  and  salts  of  other  acids,  as  exciting  fluids, 
provided  they  have  the  condition  of  liquidity,  which  gives  mobiHty  to 
their  particles,  and  permits  that  disposition  of  them  which  is  assumed 
in  a  polar  chain.  The  liquids  which  yield  in  the  cell  of  decomposi- 
tion are  of  the  same  nature,  possessing  always  a  binary  polar 
molecule,  although  the  liquid  which  forms  the  best  exciting  fluid  is 
not  always  the  most  easily  decomposed  in  the  decomposing  cell. 

The  positive  metal  which  is  exposed  to  the  exciting  fluid  always 
acts  in  one  way,  displacing  the  basyl  and  combining  with  the  halo- 
gen of  that  body ;  in  the  manner  the  zinc  has  been  seen  to  liberate 
hydrogen  and  combine  with  chlorine,  when  hydrochloric  acid  is  the 
exciting  fluid.  The  positive  metal  is  thus  substituted  for  a  similar 
basyl  in  a  pre-existing  saline  compound.  That  metal  may  dissolve 
in  another  manner,  by  uniting  directly,  for  instance,  with  free 
chlorine  or  iodine  in  solution,  but  then  no  polar  chain  is  formed. 
Particles  of  chlorine  may  extend  from  the  zinc  to  the  associated 
negative  metal,  but  not  possessing  a  binary  molecule  they  have  no 
occasion  to  tlirow  themselves  into  a  polar  chain  in  order  to  act 
upon  the  zinc,  as  the  molecules  of  hydrochloric  acid  require  to  do  in 
the  same  circumstances.  The  particles  of  these  free  elements  appear  to 
be  incapable  of  that  polar  condition,  having  chlorous  affinity  on  one 
side  and  zincous  on  the  other,  of  which  both  the  soHd  and  liquid 
constituents  of  the  voltaic  circle  must  be  susceptible.  Judging 
from  the  uniformity  in  composition  of  exciting  liquids,  their  capacity 
to  form  polar  chains  depends  on  their  consistmg  of  an  atom  of  basyl 
and  an  atom  of  salt-radical,  which  are  respectively  the  locus  of 
zincous  and  chlorous  affinity  or  polarity.  Such  molecules  may  be 
looked  upon  as  in  a  state  of  tension  when  forming  a  part  of  a  polar 
chain,  each  about  to  divide  into  its  chlorous  and  zincous  atoms.  Mr. 
Faraday  had  established  that  all  exciting  liquids  are  binary  compounds 
of  single  equivalents  of  salt-radical  and  basyl,  or  proto-compoundsj 
such  as  hydrochloric  acid  itself,  proto-chloride  of  tin,  &c.     Other 
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saline  bodies  which  are  'per-compoundsy  such  as  bichloride  of  tin, 
are  not  exciting  or  polar,  because,  as  may  be  supposed,  they  are 
not  naturally  resolvable  into  a  chlorous  and  zincous  atom,  but  into  a 
clilorous  atom  and  another  salt ;  the  bichloride  of  tin,  for  instance, 
into  chlorine  and  proto-chloride  of  tin.  Certain  compounds,  which 
are  deficient  in  the  saline  character  and  not  polarizable,  such  as 
chloride  of  sulphur,  and  the  liquid  chlorides  of  phosphorus  and 
carbon,  have  been  enumerated  as  exceptions  to  this  rule.  None  of 
these  bodies,  however,  is  really  a  proto-compound. 

The  zinc  or  positive  metal,  too,  always  forms  a  proto-compound  in 
dissolving,  which  is  a  saline  body.  The  order  of  the  chemical 
changes  in  the  exciting  fluid  therefore  is  as  follows : — The  zinc  in 
decomposing  a  binary  compound  and  forming  a  binary  compound 
liberates  an  atom  of  its  own  class ;  which  atom  repeats  the  same 
actions ;  supplying  at  the  same  time  another  atom  of  the  same  kind 
to  act  in  the  same  manner,  and  that  another,  from  the  zinc  to  the 
copper  plate.  The  combining  bodies  are  always  a  basyl  and  a  salt- 
radical,  and  therefore  only  two  kinds  of  attraction  or  affinity  are  at 
work  throughout  the  chain,  those  of  a  basyl  and  a  salt-radical,  the 
zincous  and  chlorous  affinities.  Hence,  in  the  present  subject  of 
chemical  polarity,  we  have  to  deal  with  but  two  attractive  forces,  the 
zincous  and  the  clilorous,  as  in  magnetism  with  but  two  magnetic 
forces,  the  austral  and  the  boreal. 

On  the  electrical  hypothesis,  a  body  which  is  thus  decomposed  in 
the  active  cells,  or  in  the  cell  of  decomposition,  is  called  an  electrolyte 
(decomposable  by  electricity),  and  this  kind  of  decomposition  is 
distinguished  as  electrolysis.  The  two  elements  of  an  electrolyte, 
which  travel  or  are  transferred  in  opposite  directions,  in  its  decompo- 
sition have  been  named  ions  (from  ''iwv,  going );  the  halogen  which 
travels  to  the  positive  metal  or  terminal,  the  anion  (going  upwards), 
and  the  basyl,  which  is  transferred  to  the  negative  metal,  or  terminal, 
the  cation  (going  downwards).  Strictly  chemical  expressions  equi- 
valent to  the  former  would  be  zincolyte  and  zincolysis,  the  decom- 
positions throughout  the  circle  being  referred  to  the  affinity  of  zinc 
or  the  positive  metal. 

The  characters  of  the  two  constituents  of  an  electrolyte  may  be 
shortly  noticed.  The  class  of  basyl  constituents  is  composed  of  the 
metals  in  their  order  as  positive  metals,  beginning  with  potassium, 
and  terminating  with  mercury,  platinum,  and  the  less  oxidable  metals. 
Ammonium  has  a  claim  to  be  introduced  high  in  this  list,  and 
should  probably  be  accompanied  by  the  analogous  basyl  of  the 
aniHne  class  of  bases  and  of  the  vegeto-alkalies,  although  in  respect 
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to  the  decomposition  of  their  salts  in  the  voltaic  circle,  we  have 
little  precise  information.  Hydrogen  likewise  finds  a  place  neax 
copper  in  this  class. 

At  the  head  of  the  halogen  constituents  of  electrolytes  may  be 
placed  iodine  and  the  other  members  of  the  chlorine  family.  These 
are  followed  by  the  halogens  of  the  sulphates,  nitrates,  carbonates, 
acetates,  and  other  oxygen-acid  salts.  Sulphur  must  be  allowed  to 
follow  the  last,  as  the  salt-radical  of  the  soluble  sulphides,  and  the 
lowest  place  be  assigned  to  oxygen,  as  the  salt-radical  of  the  soluble 
metaUic  oxides ;  of  oxide  of  potassium,  for  instance,  and  of  water.  It 
is  unusual  to  speak  of  oxygen  as  a  salt-radical,  and  of  caustic  potash 
and  water  as  salts,  but  the  binary  theory  of  salts  recognizes  no 
essential  difference  between  the  chloride,  sulphionide,  and  oxide  of 
a  basyl,  the  oxide  being  connected  with  the  more  highly  saline 
compounds  through  the  sulpliide,  and  the  list  of  salt-radicals  forming 
a  continuous  descending  series  from  iodine  to  oxygen. 

The  facility  of  decomposition  of  different  electrolytes  appears  to 
depend  more  upon  the  high  place  of  their  salt  radical,  than  upon  the 
nature  of  their  other  constituent.  The  iodides,  for  instance,  as 
iodide  of  potassium  and  hydriodic  acid,  are  the  most  easily  decom- 
posed of  all  salts,  yielding  to  the  polar  influence  of  the  single  circle. 
Then  follow  the  chlorides, — chloride  of  lead,  fused  by  heat,  yielding 
to  a  very  moderate  power.  After  these  the  salts  of  strong  oxygen 
acids,  such  as  sulphates  and  nitrates  either  of  strong  bases,  such  as 
potash  and  soda,  or  of  weak  baseSj  such  as  oxide  of  copper  and  water 
(the  hydrated  acids  are  such  salts) .  The  carbonates  and  acetates, 
which  have  much  weaker  salt-radicals,  are  stiU  less  easily  decomposed, 
and  finally  oxides  are  decomposed  with  great  difficulty.  Water 
itself  is  polarized  with  such  extreme  difficulty,  and  decomposed  when 
alone  to  so  minute  a  degree,  even  by  a  powerful  battery,  as  long  to 
have  left  its  claim  uncertain  to  be  considered  an  electrolyte,  when  in 
a  state  of  purity. 

Widely  as  the  more  characteristic  halogens  and  basyls  differ,  stiU 
the  classes  pass  by  imperceptible  gradations  into  each  other,  and  form 
portions  of  one  great  circular  series.  Mercury  and  the  more  negative 
metals,  although  clearly  basyls,  appear  at  times  to  assume  the  salt- 
radical  relation  to  the  highly  positive  metals ;  such  a  character  is 
evinced  in  mercury,  by  the  energy  with  which  it  unites  with  sodium 
and  potassium,  and  by  its  function  in  the  amalgamated  zinc  plate  of 
the  voltaic  circle.  So  that  the  salt-radical  or  basyl  character  of  a 
body  is  not  absolute,  but  always  relative  to  certain  other  bodies. 
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The  addition  of  a  salt  or  acid,  even  in  minute  quantity,  to  water 
in  the  cell  of  decomposition,  causes  the  copious  evolution  of  oxygen 
and  hydrogen  gases  at  the  zincoid  and  chloroid,  and  is  therefore 
often  spoken  of  as  facilitating,  by  its  presence,  the  decomposition  of 
the  water,  in  some  way  which  cannot  be  explained.  But  the  pheno- 
mena are  unattended  with  difficulty  on  the  binary  theory  of  saline 
bodies.  When  sulphate  of  soda  exists  in  the  water  of  the  decom- 
posing cell,  it  may  be  sulphionide  of  sodium  which  is  decomposed,  SO4, 
the  sulphate  radical  being  evolved  at  the  zincoid,  and  sodium  at  the 
chloroid.  But  the  sodium  having  a  strong  affinity  for  oxygen  reacts 
upon  the  water  at  the  pole,  forming  soda  and  liberating  hydrogen, 
which  therefore  appear  together ;  while  SO4  having,  as  a  high  salt- 
radical,  a  powerful  affinity  for  hydrogen,  likewise  decomposes  water, 
and  thus  evolves  oxygen,  which,  with  a  free  acid,  appears  at  the 
zincoid.  A  solution  of  chloride  of  sodium  is  decomposed  in  the 
same  manner,  its  elements  chlorine  and  sodium  being  attracted  to 
the  zincoid  and  chloroid  respectively,  but  neither  of  these  elements 
appearing  as  such.  Both  decompose  water,  and  thus  produce  oxygen 
with  hydrochloric  acid  at  the  zincoid,  and  soda  with  hydrogen  at  the 
chloroid.  It  has  indeed  been  ascertained  that  the  polar  influence 
which  apparently  effects  two  decompositions  in  these  circumstances, 
namely,  that  of  water  into  oxygen  and  hydrogen,  and  of  a  salt  into 
its  acid  and  alkali,  is  no  more  in  quantity  than  is  necessary  to 
decompose  one  of  these  bodies,  the  circulating  power  being  measured 
by  the  quantity  of  fused  chloride  of  lead  decomposed  in  another  part 
of  the  circuit  (DanieU).  There  can  be  little  doubt,  then,  that  only 
one  binary  compound  is  immediately  decomposed,  and  that  the  two 
sets  of  products  which  appear  at  the  terminals  are  the  results  of 
secondary  decomposition.  Indeed,  the  decomposition  of  salts  in  the 
voltaic  circle  is  supposed  to  afford  considerable  support  to  the  salt- 
radical  theory  of  these  bodies  (page  186). 

Certain  salts  form  a  polar  chain,  or  conduct,  without  undergoing 
decomposition,  in  a  way  which  cannot  at  present  be  explained,  par- 
ticularly the  iodide  of  mercury  and  fluoride  of  lead,  both  fused  by  heat. 
According  to  recent  observations  of  M.  Matteucci  many  other  fused  salts 
conduct  to  a  greater  extent  than  is  indicated  by  their  decomposition. 
Secondary  decompositions. — ^The  products  of  voltaic  action  are 
frequently  of  the  secondary  character  just  described,  the  original 
products  being  lost  from  their  reaction  upon  the  liquid  in  which  they 
are  produced,  or  upon  the  substance  of  the  metallic  terminals.  Thus, 
salts  of  the  vegetable  acids  often  afford  carbonic  acid,  and  salts  of 
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ammonia  nitrogen,  instead  of  oxygen,  at  the  positive  terminal  or 
zincoid ;  the  oxygen  liberated  having  reacted  upon  the  combustible 
constituents  of  these  bodies.  Nitrates,  again,  may  afford  nitrogen, 
or  nitric  oxide,  at  the  negative  terminal  or  chloroid,  in  consequence 
of  the  oxidation  of  the  hydrogen  evolved  there.  The  nascent  con- 
dition of  the  liberated  elements  favours  such  secondary  actions. 
When  the  zincoid  is  composed  of  a  positive  metal,  such  as  zinc 
itself  or  copper,  the  chlorous  element  is  absorbed  there,  combining 
with  the  metal.  The  decomposition  of  a  salt  is  also  then  much  easier, 
the  action  of  the  circle  being  greatly  assisted  by  the  proper  affinity 
of  the  matter  of  the  zincoid  for  a  chlorous  body.  Indeed,  when 
two  pieces  of  the  same  metal  communicate  by  means  of  one  of  its 
salts,  the  phenomena  are  the  same  as  if  the  metallic  circuit  were  com- 
plete (Faraday).  Insoluble  sulpliides,  chlorides,  and  other  compounds 
of  a  positive  metal  acting  as  the  zincoid,  have  thus  been  slowly  pro- 
duced in  a  single  circle  with  a  weak  exciting  fluid ;  which  product  shave 
exliibited  distinct  crystalline  forms,  resembhng  natural  minerals,  not 
otherwise  producible  by  art.  The  hydrogen  evolved  upon  a  platinum 
chloroid,  immersed  in  the  solution  of  a  copper  or  iron  salt,  may  also 
reduce  these  metals  upon  the  surface  of  the  platinum,  in  the  form  of 
brilliant  octahedral  crystals.  In  the  active  cells  themselves  a  secondary 
decomposition  is  apt  to  occur,  the  hydrogen  evolved  decomposing 
the  salt  of  zinc  which  accumulates  in  the  liquid,  and  occasioning  a 
deposition  of  that  metal  upon  the  copper  plate ;  an  occurrence  which 
may  determine  an  opposite  polarity,  and  cause  the  action  of  the  circle 
to  decline.  But  on  disconnecting  the  zinc  and  copper  plates,  the 
foreign  deposit  upon  the  latter  is  quickly  dissolved  off  by  the  acid. 
The  inconvenience  of  this  secondary  decomposition  in  the  exciting 
cells  is  avoided  by  dividing  the  cell  into  two  compartments,  by  a 
porous  plate  of  earthenware  interposed  between  the  zinc  and  copper 
plates.  The  salt  of  zinc  formed  about  that  metal  is  prevented  from 
diffusing  to  the  copper,  by  the  diaphragm,  although  it  allows,  from 
its  porosity,  a  continuity  of  liquid  polar  molecules  between  the  metals. 
Two  polar  liquids  separated  hy  a  porous  diaphragm, — ^The 
liquids  on  either  side  of  the  porous  division  may  also  be  different, 
provided  they  have  both  a  polar  molecule.  Thus,  in  fig.  79,  the 
polar  chain  is  composed  of  molecules  of  hydrochloric  acid,  extending 
from  the  zinc  to  the  porous  division  at  a ;  and  of  molecules  of  chloride 
of  copper,  from  a  to  the  copper  plate.  When  the  CI  of  molecule  1 
unites  with  zinc,  the  H  of  that  molecule  unites  with  the  CI  of  molecule  2 
(as  indicated  by  the  connecting  bracket  below),  the  H  of  molecule  2  with 
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the  CI  of  molecule  3,  the  Cu  of  molecule  3  with  the  CI  of  molecule  4, 
and  the  Cu  of  tliis  molecule,  being  the  last  in  the  chain,  is  deposited 


Fig.  79. 


Zinc 


ta®@® 


@S)@® 


Copper 


upon  the  copper  plate.  Dilute  sulphuric  acid,  in  contact  with  an 
amalgamated  zinc  plate,  and  the  same  acid  flnid  saturated  with  sul- 
phate of  copper,  in  contact  with  the  copper  plate,  are  a  combination 
of  fluids  of  most  frequent  application.  In  such  an  arrangement,  th'^ 
formation  of  small  gas  bubbles  upon  the  negative  plate,  wliich  makes 
its  contact  with  the  acid  fluid  imperfect,  is  avoided ;  and  the  surface 
of  that  plate  is  kept  clean  and  entirely  metallic  by  the  constant  de- 
positign  of  fresh  copper  upon  it.  The  copper  is  deposited  in  a 
coherent  state,  and  forms  a  plate,  which  may  be  stripped  off  from 
the  original  copper  after  attaining  any  desired  degree  of  thickness, — 
and  presents  an  exact  impression  of  the  surface  of  the  latter.  In  the 
operation  of  electrotyjmig,  the  article  to  be  copied  is  so  placed  in  a 
copper  solution  as  the  negative;  plate  of  a  voltaic  pair,  being  first 
made  conducting,  if  not  metallic  and  already  so,  by  rubbing  its  sur- 
face over  with  fine  plumbago.  With  a  negative  plate  of  platinum, 
undiluted  nitric  acid  may  be  used  in  the  place  of  the  acid  solution  of 
copper  in  the  last  arrangement,  with  oil  of  vitriol,  diluted  with  four 
or  five  times  its  bulk  of  water,  about  a  positive  plate  of  amalgamated 
zinc.  The  polar  molecules  will  be,  on  the  binary  theory  of  salts, 
NOg  +  H,  in  the  former,  and  SO4  +  H,  in  the  latter  fluid.  The 
hydrogen  is  also  here  entirely  suppressed  at  the  negative  plate, 
uniting  with  the  fifth  equivalent  of  oxygen  in  nitric  acid  to  form 
water,  which  is  attended  with  the  evolution  of  peroxide  of  nitrogen, 
NO4.  The  solution  of  the  zinc,  with  such  an  arrangement  of  fluids, 
appears  to  give  the  most  intense  polarization  that  can  be  attained. 
Application    of  the  voltaic   circle   to    chemical  synthesis. — 
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The  liquid  in  the  decomposition  cell  may  be  divided  by  a  porous 
diaphragm  placed  between  the  platinum  plates,  which  form  the 
zincoid  and  the  chloroid  in  a  similar  manner,  and  the  synthetical 
results  of  the  voltaic  action  be  had  more  readily  apart  from  each 
other.  With  a  solution  of  chlorate  of  potash  between  the  plates, 
it  is  found  that  the  oxygen,  instead  of  being  evolved  at  the  posi- 
tive pole  as  gas,  is  communicated  to  the  chlorate  of  potash  there, 
and  converts  it  into  perclilorate  (Berzelius).  In  a  solution  of 
cliloride  of  potassium,  even  when  rendered  acid  by  sulphuric  acid, 
chlorate,  and  afterwards  perchlorate  of  potash  were  found  at  the 
positive  pole  (Kolbe).  A  concentrated  solution  of  chloride  of  am- 
monium evolves  hydrogen  at  the  negative  pole ;  but  neither  oxygen 
nor  chlorine  at  the  positive  pole.  But  the  surface  of  the  platinum 
plate  representing  the  latter  pole  is  covered  with  small,  yellow,  oily 
drops  of  chloride  of  nitrogen,  which,  as  soon  as  the  two  poles  are 
brought  into  contact,  decompose  with  explosion  (Kolbe).  A  solu- 
tion of  the  yellow  prussiate  of  potash  is  converted  into  the  red 
prussiate  by  the  action  of  the  oxygen  at  the  positive  pole  (Smee). 
Dr.  Kolbe  oxidized  the  cyanide  of  potassium  in  the  same  manner, 
and  converted  it  into  cyanate  of  potash,  but  did  not  succeed  in  ob- 
taining a  percyanate :  nor  did  he  succeed  in  forming  a  fluorate  of 
potash  from  the  fluoride  of  potassium  by  the  same  means. "^  The  de- 
composition of  a  concentrated  neutral  solution  of  valerianate  of  potash 
in  the  cold  gave  a  gaseous  carbo-hydrogen,  Cg  Hg,  of  double  the 
density  of  olefiant  gas,  and  what  appeared  to  be  a  new  ether,  con- 
taining C2  H2  less  than  amylic  ether.  Such  transformations  from 
the  series  of  one  alcohol  to  that  of  another  are  of  great  importance, 
and  the  attaining  them  by  voltaic  action  highly  interesting.  Six 
pairs  of  Bunsen's  carbo-zinc  battery  were  employed  in  these  decom- 
positions, and  the  action  continued  for  several  days.f 

Transference  of  the  ions, — With  a  double  diaphragm  ceU,  in  which 
the  liquid  between  the  poles  was  divided  into  three  portions,  Messrs. 
Daniell  and  Miller  were  enabled  to  make  some  singular  observations  on 
the  transfer  of  the  ions  and  their  accumulation  at  the  poles.  With  a 
neutral  salt  of  the  potassium  family  (such  as  sulphate  of  soda),  for  one 
equivalent  of  salt  decomposed,  half  an  equivalent  of  free  acid  is  added  to 
the  division  of  the  cell  containing  the  positive  pole,  and  half  an  equiva- 
lent of  free  alkaH  to  the  division  containing  the  negative  pole — the 

*  Memoirs  of  the  Chemical  Society,  vol.  iii.  p.  287. 
t  Kolbe,  iUd.  p.  378. 
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amount  of  transference  wliich  the  polar  decomposition  requires  :  but, 
with  a  salt  of  the  magnesian  family  (such  as  sulphate  of  zinc),  while 
the  acid  travels  as  usual  to  the  positive  pole  and  accumulates  there, 
no  corresponding  transference  of  oxide  of  zinc  takes  place  in  the 
opposite  direction.  This  seems  to  imply  that  water  travels,  as  base, 
instead  of  oxide  of  zinc.  All  the  magnesian  salts  retain  one  equiva- 
lent of  water  very  strongly ;  and,  in  the  polar  chain,  probably  assume 
this  water  as  their  base,  so  as  to  become  equivalent  to  hydrated  acids 
in  solution.  In  the  decomposition  of  salts  of  oxide  of  ammonium, 
the  ammonia  also  appears  passive,  and  does  not  move  towards  the 
negative  pole,  although  the  acid  of  the  salt  travels  as  usual  towards 
the  positive  pole.  The  water,  which  is  essential  to  the  salts  of  oxide 
of  ammonium,  appears  to  be  here  again  the  base  wliich  travels  ;  and 
in  a  polar  chain  extending  through  a  salt  of  ammonia,  such  as  the 
sulphate  of  ammonia,  we  have  probably  sulphate  of  water  as  the  polar 
molecule;  the  ions  being  SO4  and  H;  not  SO4  and  NH4.^ 

Voltaic  endosmose, — It  was  first  observed  by  Mr.  Porrett,  that  in 
the  decomposition  cell,  divided  into  two  chambers  by  a  permeable 
diaphragm  of  wet  bladder  or  porous  earthenware,  the  liquid  tends  to 
pass  from  the  chamber  containing  the  positive  terminal  plate  into 
that  containing  the  negative  terminal,  so  as  to  rise  at  times  several 
inches  in  the  latter  above  its  level  in  the  former  (Annals  of  Philo- 
sophy, 1816).  This  accumulation  of  liquid  at  the  negative  pole  is 
only  considerable  with  liquids  of  an  inferior  conducting  power,  that 
is,  of  difficult  decomposition,  and  is  greatest  in  pure  water. 

The  transfer  takes  place  of  a  large  quantity  of  water  with  the 
hydrogen  to  the  negative  pole,  as  if  the  ions  were  O  on  the  one 
side,  and  H  +  Water  on  the  other.  In  a  polar  molecule,  such  as 
this  impHes,  we  must  have  an  aggregation  of  many  atoms  of  water 
forming  one  compound  polar  atom.  Let  us  suppose  six  atoms  of 
water  associated  Hg  Og;  the  polar  molecule  will  be  Hg  O5-I-O,  in 
which  Hg  O5  is  the  basyl,  and  O  the  salt-radical.  Taking  advantage 
of  the  graphical  representation  of  such  a  compound  molecule  by  a 
polar  formula  (page  204),  in  which  the  letters  exhibit  the  relative 
position  of  the  constitutent  atoms,  we  have — 


Positive  Pole. 


12       3      4       5       6 
0     0      0      0      0     0 

H    H     H     H     H     H 


Negative  Pole. 


*  Professors  Daniell  and  Miller,  "  On  the  Electrolysis  of  Secondary  Compounds,"  in 
the  Philosophical  Transactions,  1844. 
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The  oxygen  1  is  alone  attracted  by  the  positive  metal  or  pole  with 
which  it  is  in  contact,  while  hydrogen  (1 )  being  so  fai  relieved  from 
the  attraction  of  its  own  oxygen,  comes  under  the  influence  of  oxy- 
gen 2,  3,  4,  5,  and  6.  As  the  salt-radical  O  (1)  separates  we  have 
thus  the  temporary  formation  of  the  basylous  atom — 

0     0     0     0    0  O5 

— — — —    or  — -. 

H    H    H    H    H    H'       He 

But  instead  of  involving  six  atoms  of  water,  as  in  this  illustration, 
the  compound  polar  molecule  may  embrace  hundreds  or  thousands. 
It  will  always  be  represented  by  Hn  On_i  +  0 ;  Hn  On_i  being  tlie 
basylous  atom  which  is  transferred  to  the  negative  pole,  and  O  the 
salt-radical  atom  which  is  transferred  to  the  positive  pole.  It  ap- 
pears to  be  by  a  polarization  of  this  sort  that,  in  bad  conductors, 
mass  compensates  for  conducting  power ;  as  in  the  return  current  of 
the  electric  telegraph  through  the  earth,  where  the  resistance  is 
found  to  be  even  less^than  in  the  metallic  wires ;  indeed,  quite  in- 
appreciable. 

It  is  found  by  Mr.  J.  Napier  that  the  passage  of  a  salt  without 
decomposition,  such  as  sulphate  of  copper,  from  the  positive  to  the 
negative  division  of  the  decomposition  cell,  may  take  place  inde- 
pendently of  the  water  in  which  it  is  dissolved,  and  to  a  greater 
proportional  amount  (Mem.  Chem.  Soc.  ii.  28).  This  unequal  move- 
ment of  the  salt  and  water  proves  that  the  phenomenon  is  not  simply 
a  flowing  of  the  liquid  towards  the  negative  pole ;  and  it  allows  us 
to  suppose  that  an  aggregate  polar  molecule  may  be  formed  of  many 
atoms  of  a  salt,  as  weU  as  of  water.  It  is  only  in  dilute  saline  so- 
lutions that  the  voltaic  endosmose  is  perceptible. 
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If  we  dip  together  into  an  acid  fluid  two  platinum  plates,  one 
clean,  and  the  other  coated  with  a  film  of  zinc  or  highly  positive 
metal,  we  have  the  speedy  solution  of  the  positive  metal  by  the  usual 
polar  decomposition,  and  hydrogen  transferred  to  the  opposite  platinum 
plate.  It  appears  that  hydrogen,  sulphur,  phosphorus,  and  various 
other  oxidable  substances,  will  originate  a  polar  decomposition  in 
water  or  a  saline  fluid,  when  associated  with  platinum,  in  the  same 
manner  as  the  zinc  is  in  the  last  experiment ;  and  circles  may  thus 
be  formed  without  a  positive  metal.  The  non-metallic  but  oxidable  ele- 
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ments  enumerated  cannot  be  substituted  in  mass  for  zinc  or  the 
positive  metal,  because  they  are  non-conductors ;  but  in  the  thinnest 
films  they  are  not  so,  if  we  may  judge  from  experiments  of  this  kind, 
and  become  quite  equivalent  to  metals.  Farther,  with  chlorine  or 
any  other  strongly  halogenous  element  dissolved  in  water,  and  placed 
in  contact  with  one  of  the  platinum  plates,  while  the  other  is  clean, 
we  may  have  a  polarization  originating  with  the  chlorine,  and  causing 
the  transfer  of  the  oxygen  or  salt-radical  of  the  interposed  water,  or 
saline  fluid,  to  the  clean  platinum.  Nothing  like  this  is  witnessed 
in  the  voltaic  combination  of  two  metals ;  it  is  equivalent  to  an  ac- 
tion in  which  the  copper  or  negative  metal  originated  the  polariza- 
tion by  its  affinity  for  the  hydrogen  or  basylous  constituent  of 
the  polar  liquid. 

1.  With  hydrogen  gas  dissolved  in  the  acid  fluid  of  one  chamber 
of  the  divided  cell,  and  air  or  oxygen  in  the  other,  polarization  oc- 
curs on  uniting  the  platinum  plates,  attended  with  the  oxidation  of 
the  hydrogen  and  disappearance  of  both  gases  (Schonbein).  View- 
ing  this  arrangement  as  a  simple  circle,  consisting  of  a  liquid  and 
metallic  segment  (page  245),  we  have  to  consider  particularly  the 
composition  of  the  terminal  polar  molecules  at  either  end  of  the 
metallic  segment — platinum  with  hydrogen  must  form  the  one  at 
the  positive  pole,  and  platinum  with  oxygen  the  other  at  the  nega- 
tive pole : — 

(1)  Pt   H    .     .     .     .     .  0   Pt 

—  +  acid  —  + 

These  are  equivalent  to  the  external  molecules  of  the  two  metals, 
zinc  and  copper,  in  the  usual  voltaic  arrangement,  which  are  composed 
in  that  case  of  two  atoms  of  zinc  on  the  one  side,  and  two  atoms 
of  copper  on  the  other  (fig.  68,  page  245)  : — 

(2)  Zn  Zn Cu    Cu 

—  +  acid  —     + 

The  peculiar  superiority  of  platinum,  as  the  single  metal,  in  ar- 
rangements of  the  present  class,  depends  upon  its  strictly  intermediate 
character  between  basyls  and  halogens,  so  that  it  lends  itself  to  form 
a  polar  binary  molecule  equally  with  hydrogen  or  oxygen  in  (1), — 
with  both  basyl  and  salt-radical. 

The  intermediate  Kquid  (the  acid)  must  be  a  binary  compound  as 
usual.  Here  the  positive  hydrogen  combines  with  the  salt- radical 
of  that  binary  compound,  and  sends  its  hydrogen  or  basyl  to  the  second 
or  opposite  plate ;  while  the  oxygen  at  that  plate  decomposes  the 
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binary  liquid  also,  sending  back  oxygen  or  salt-radical  to  the  hydrogen 
of  the  first  plate.  There  are,  therefore,  two  concurring  polarizations 
in  every  polar  chain,  tending  to  bring  about  simultaneously  the  same 
combinations  and  decompositions  throughout  the  circle  :  hydrogen 
enters  into  combination  on  the  one  side,  and  oxygen  on  the  other,  in 
one  and  the  same  polar  chain.  The  union  of  concurring  primary 
zincous  and  chlorous  polarizations,  exhibited  in  such  an  arrangement, 
offers  a  new  means  of  increasing  polar  intensity,  entirely  different 
from  the  multiplication  of  couples  in  the  compound  circle,  of  which 
the  application  will  be  fully  observed  afterwards  in  the  nitric  acid 
battery  of  Mr.  Grove.  The  temporary  combination  of  hydrogen 
with  copper,  the  former  as  the  basylous  and  the  latter  as  the  halo- 
genous  element  of  one  polar  molecule,  which  it  is  necessary  to  as- 
sume in  explaining  the  circular  polarity  of  the  ordinary  voltaic  circle 
(page  246),  is  quite  in  accordance  with  the  relation  of  hydrogen  to 
platinum  in  the  present  circles. 

2.  A  circle  of  still  higher  power  is  formed  with  chlorine  gas,  dis- 
solved in  the  negative  chamber,  against  hydrogen  in  the  positive 
chamber  of  the  divided  cell.  Here  the  terminal  polar  molecules  of 
the  metallic  segment  are  : — 

(3)  Pt  H  .     .     .  CI  Pt 

3.  Inflammation  of  mixed  hydrogen  and  oxygen  hy  platinum, 
— There  is  every  reason  to  believe  that  the  remarkable  action  of  clean 
platinum,  both  in  the  form  of  a  plate  and  of  platinum  sponge,  in  dispos- 
ing a  mixture  of  oxygen  and  hydrogen  in  the  gaseous  state  to  unite, 
is  the  same  in  nature  as  its  action  upon  these  elements  liquefied  and  in 
solution  in  water.  In  the  former,  as  in  the  latter  case,  a  polar  chain  must 
arrange  itself  in  the  platinum  mass,  of  wliich  one  terminal  molecule 
is  platinide  of  hydrogen,  and  the  other  oxide  of  platinum  (3).  A  less 
certain  point  is,  whether  the  chain  is  completed  by  the  interposition 
of  a  binary  molecule  of  water  already  formed,  between  the  polar 
H  and  O ;  or  these  atoms  come  immediately  into  contact,  and  close 
the  circle,  without  the  intervention  of  any  compound  polar  molecule. 

4.  Gas-hattery. — The  gas-battery  of  Mr.  Grove  belongs  to  this 
class  of  voltaic  arrangements.  It  is  essentially  an  apparatus  in  which 
a  supply  of  both  negative  and  positive  gas  is  kept  over  the  liquid 
at  each  plate,  to  supply  loss  by  absorption.  A  simple  circle  consists 
of  a  bottle  (fig  80.)  containing  a  dilute  acid,  with  two  tubes  filled 
with  oxygen  and  hydrogen  respectively,  and  placed  in  two  open- 
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ings  in  the  bottle.  The  platinum 
plates  contained  in  these  tubes  are 
made  rough  by  adhering  reduced 
spongy  platinum,  which  enables 
them  also  to  retain  the  better  on 
their  surface  a  portion  of  the  acid 
fluid  into  which  they  dip.  The 
two  plates  are  connected  by  a  wire 
above  the  tubes^  which  is  repre- 
sented in  the  figure  as  carried  round 
a  magnetic  needle,  to  obtain  evi- 
dence of  polarization  in  the  wire. 
Here,  as  in  (2),  the  gases  only  act 
when  in  contact  with  the  platinum 
surface  and  taking  a  part  in  the 
terminal  polar  molecule,  and  also 
when  covered  by  liquid,  which  is 
necessary  to  complete  the  polar 
chain  between  tlie  terminal  polar 
molecules  on  each  side.  The  gases 
in  the  tubes  are  supplementary, 
and  do  not  take  a  part  in  the  polar 
chain.  The  modifications  of  this  battery,  where,  instead  of  hydro- 
gen gas,  sulphur  or  phosphorus,  vaporized  in  nitrogen  gas,  or  a 
gaseous  hydro-carbon,  is  placed  at  the  positive  pole,  are  of  the  same 
character,  and  only  act  by  supplying  a  film  of  an  oxidable  body, 
such  as  sulphur,  or  phosphorus,  to  the  surface  of  the  platinum, 
capable  of  forming  the  positive  element  of  a  polar  molecule  with 
that  metal.  This,  again,  must  be  covered  by  the  binary  acid  fluid, 
in  order  to  communicate  by  a  polar  chain  with  the  oxygen  of  the 
terminal  molecule  of  platinum  and  oxygen  in  the  negative  chamber 
of  the  divided  cell."^ 

5.  Closely  resembling  these  circles  is  that  in  which  one  of  the 
platinum  plates  is  covered  by  a  film  of  peroxide  of  lead  or  peroxide 
of  manganese.  The  platinum  plate  may  be  so  prepared  by  making 
it  the  negative  terminal  for  a  short  time  in  a  solution  of  acetate  of 
lead  or  of  protosulphate  of  manganese.  In  an  acid  fluid,  which  is 
capable  of  dissolving  the  protoxide  of  lead  or  manganese,  polarization 
occurs,  the  excess  of  oxygen  of  the  attached  peroxide  forming  with 
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platinum  a  polar  molecule,  in  which  the  oxygen  is  the  chlorous 
element.  This  decomposes  the  saline  molecule  of  the  acid,  or  water, 
causing  the  transference  of  the  salt-radical  or  oxygen  to  the  clean 
platinum  plate,  where  it  may  be  evolved  as  gas.  This  most  nearly 
resembles  the  case  with  clilorine — water  at  one  platinum  plate,  which 
causes  the  evolution  of  oxygen  at  the  other  platinum  plate ;  the  only 
source  of  polarizing  power  in  the  circle  being  a  chlorous  affinity. 

6.  By  much  the  most  powerful  voltaic  arrangement  of  this  class  is 
that  in  which  one  chamber  of  the  divided  cell  is  charged  with  a 
solution  of  sulphide  of  potassium,  and  the  other  chamber  with  strong 
nitric  acid."^  Here  we  have  two  concurring  sources  of  polarization  in  one 
polar  chain,  namely,  the  affinity  of  sulphur  for  oxygen,  tending  to 
transmit  hydrogen  in  on€  direction,  and  the  easy  decomposition  of 
nitric  acid  into  N  O4  and  O,  supplying  oxygen  to  the  surface  of  the 
platinum,  which  sends  a  chlorous  element  in  the  opposite  direction. 
The  terminal  polar  molecules  of  the  metallic  segment  of  the  circle  are — 

(4)  Pt  S     .     .     .     O  Pt 

—  +  —  + 

With  a  single  pair  of  plates  so  charged  water  may  be  decom- 
posed. The  action  is  equally  powerful  with  chlorine  substituted  for 
the  nitric  acid.  Such  combinations  of  fluids  may  be  greatly  varied  : 
all  that  is  necessary  is  an  oxidable  substance  at  one  plate,  and  an 
oxidizing  substance  at  the  other.  In  the  first  class  are  protosalts  of 
iron,  tin  and  manganese,  sulphides,  sulphites,  hyposulphites ;  in  the 
second,  chlorine,  nitric,  cln-omic  and  manganic  acids,  and  persalts 
of  iron  and  tin.  Taking  protoxide  of  iron  against  peroxide  as  an 
example  of  these  cases,  the  terminal  molecules  of  the  metallic  segment 
may  be  represented  as — 

(5)  Pt  Pe    .     .     .     0  Pt 

—  +  _  +  ^ 

It  is  true  we  have  no  evidence  of  the  actual  separation  of  the  iron 
or  of  the  oxygen  upon  the  platinum  surface  ;  still  there  is  reason  to 
believe  such  a  polarity  to  be  established,  assisted  by  secondary  affini- 
ties ;  the  oxygen  of  the  protoxide  of  iron  passing  over  to  an  adjoining 
double  molecule  of  protoxide,  and  converting  it  into  peroxide,  to 
allow  the  metal  to  join  in  a  polar  molecule  with  the  platinum.  At 
the  same  time,  the  peroxide  of  iron  at  the  negative  plate  may  become 
protoxide,  while  its  oxygen  is  engaged  in  forming  a  polar  molecule 
with  the  platinum.     But  the  intensity  of  polarization  with  the  salts 

*  Mr.  A.  R.  Arnott,  on  "  Some  New  Cases  of  Voltaic  Action ;"  Memoirs  of  the 
Chem.  Soc.  i.  142. 
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of  iron  against  each  other  is  feeble  compared  with  that  of  chlorine  or 
nitric  acid  against  an  alkaline  sulphide.  In  all  these  cases  the  polar 
circle  must  be  completed  by  a  saline  compound  in  the  liquid  or 
liquids,  wliich  may  serve  as  the  means  of  connecting  the  terminal 
molecules  described  of  the  platinum  plates,  and  by  metallic  polar 
molecules  through  the  wire  connecting  the  platinum  plates. 

It  was  supposed  by  M.  Becquerel  that  a  circle  of  the  present 
description  may  be  formed  in  which  the  affinities  are  those  of  an 
acid  for  an  alkali :  the  acid  and  alkahne  solutions  being  separated  by 
porous  baked  clay,  which  leaves  them  in  free  liquid  contact,  although 
their  actual  mixture  proceeds  with  extreme  slowness.  Sulphuric 
acid  and  potash,  however,  are  generally  admitted  to  be  nearly  or 
altogether  incapable  of  producing  this  effect,  while  acids  wliich  part 
readily  with  oxygen,  such  as  iodic,  chloric,  chromic,  or  nitric  acid, 
with  an  alkali,  produce  a  powerful  effect.  The  polarization  may  be 
referred  to  the  oxygen  of  the  acids,  in  these  last  cases,  at  the  negative 
terminal,  and  is  a  chlorous  affinity.  It  may  possibly  be  often  assisted 
by  minute  quantities  of  ammonia,  organic  or  other  oxidizable  matter, 
at  the  positive  terminal  in  the  alkaline  solution."^ 

Theoretical  considerations. — The  facility  with  which  circular 
decompositions  take  place,  and  the  necessity  of  their  occurrence  in 
the  action  of  binary  compounds,  which  was  explained  under  the 
atomic  exhibition  of  a  double  decomposition  at  page  239,  are  un- 
doubtedly the  key  to  the  great  stimulus  to  chemical  activity, 
which  the  voltaic  arrangement  affords.  Reverting  to  the  original 
illustration  of  the  action  of  hydrochloric  acid  upon  zinc,  it  may  be 
observed  that  zinc  has  a  strong  attraction  for  chlorine,  and  would 
combine  at  once  with  that  element  if  the  latter  were  free,  without 
foreign  aid  of  any  kind.  But  with  the  chlorine  of  hydrochloric  acid 
the  case  is  different.  That  clilorine  is  already  combined  and  strongly 
retained  by  its  own  hydrogen  :  to  enable  the  clilorine  to  enter  into  a 
new  combination  we  must  relieves  it  from  tliis  attraction,  by  engaging 
otherwise  the  affinity  of  the  hydrogen.  The  contrivance  of  the  vol- 
taic circle  is  to  present  another  halogen  to  the  hydrogen,  and  thus 
divert  its  affinity  from  the  chlorine — the  latter  being  thereby  left  free 
to  combine  with  the  zinc.  This  requires  a  train  of  similar  decompo- 
sitions passing  round  a  circle  to  the  zinc,  illustrated  in  diagram  68 
of  page  245  ;  and  wliich  ends  in  relieving  the  external  combining 
atom  of  zinc  from  the  attraction  of  even  the  contiguous  atom  of  the 

*  Becquerel,  Elements  d'Electro-Chimie,  1843. 
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same  kind;  thus  dissolving  the  attraction  of  aggregation  in  the 
metal,  and  resigning  the  external  atom  of  zinc  entirely  to  the  attrac- 
tion of  the  equally  relieved  chlorine.  It  is  entirely,  therefore,  because 
the  agent  applied  to  the  zinc  is  a  binary  compound,  and  not  a  free 
element,  that  this  circular  mode  of  action  is  necessary. 

It  is  to  be  remarked  in  explanation  of  the  facility  with  which  the 
mutual  combinations  and  decompositions  in  a  circular  chain  occur, 
that  they  do  not  necessarily  consume  any  power  or  occasion  waste  of 
force.  They  may  be  compared  to  the  movement  of  a  nicely  balanced 
beam  on  its  pivot,  or  the  oscillation  of  a  pendulum,  in  which  the 
motion  is  equal  in  two  opposite  directions,  and  requires  only  the 
minimum  of  effort  to  produce  it. 

Farther,  it  is  not  to  be  supposed  that  zinc  dissolves  by  a  circular 
action  of  affinity,  only  when  a  negative  metal  is  attached  to  it,  and 
a  voltaic  circle  purposely  constructed.  For  this  positive  metal  never 
appears  to  dissolve  in  hydrochloric  acid  in  any  other  manner ;  the 
formation  of  little  polar  circles  in  the  fluid,  starting  from  one  point 
of  the  metallic  mass  and  returning  upon  another,  being  always  re- 
quired for  its  solution  (page  268).  In  the  solution  of  zinc,  there- 
fore, by  a  binary  saline  body,  such  as  hydrochloric  acid,  the  circular 
or  voltaic  polarization  is  the  necessary,  as  well  as  the  most  eflective 
mode  of  action  of  chemical  affinity. 

The  molacular  condition  of  conductors,  such  as  carbon  and  the 
metals,  in  a  voltaic  circle,  appears  to  be  that  of  polymeric  combina- 
tion. Their  atoms  must  be  feebly  basylous  and  chlorous  to  each 
other ;  the  distinction  possibly  depending  upon  inequality  in  their 
proportions  of  combined  heat,  and  maintain  the  relation  of  combi- 
nation. Again,  many  of  these  binary  molecules  are  associated  together 
like  the  many  similar  atoms  of  carbon,  or  of  hydrogen,  which  we  find 
associated  in  the  polymeric  hydrocarbons.  The  whole  must  be  held 
together  by  their  chemical  affinities,  and  the  aggregation  of  the  mass 
be  the  final  resultant  of  the  same  attractions.  The  determination  of 
the  polar  condition  in  two  metals,  by  the  mere  application  of  heat  or 
cold  to  their  junction,  requires  the  assumption  of  the  sali-molecular 
structure  of  metals ;  and  the  other  proportion,  that  affinity  passes 
into  aggregation,  is  equally  necessary  to  account  for  the  polar  (or 
electrical)  effects  which  are  produced  by  friction  or  abrasion,  as  they 
appear  to  extend  to  the  division  of  chemical  molecules. 

The  cumulative  nature  of  chemical  combination  is  well  illustrated 
in  such  compounds  as  the  acid  hydrates — in  dilute  sulphuric  acid, 
for  instance,  where  we  find  an  atom  of  acid  uniting  with  more 
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and  more  atoms  of  water^  with  a  decreasing  affinity,  but  without  any 
assignable  limit  to  their  number.  It  is  worthy  of  remark  that  the 
acids  are  bodies  with  chlorous  or  negative  atoms,  and  their  peculiar 
affinity  in  excess.     The  polar  formula  for  sulphuric  acid  (page  205) 

is  -^  j  or  three   negative  to  one  positive  atom.    By  the  apposition 

S 
of  a  single  binary  molecule  of  water,  sulphate  of  water  is  produced, 

-^ — — ,  in  whicli  the  excessive  proportion  of  chlorous  atoms  and 
S      H 

affinity  in  the  compound  is  in  some  degree  diminished,  the  formula 
of  the  latter  presenting  four  negative  to  two  positive  atoms. 
The  apposition  of  more  and  more  molecules  of  water  is  deter- 
mined by  this  excess  of  chlorous  affinity,  which  it  tends  to  neu- 
tralize ;  the  constant  difference,  or  excess  of  two  chlorous  over  the 
number  of  basylous  atoms,  becoming  proportionally  less  with 
large  numbers  of  added  molecules  of  water.  All  the  magnesian 
bases  appear  to  assume  water  to  assist  in  neutralizing  their  acid 
in  the  same  manner,  and  retain  one  equivalent  of  this  water 
in  general  very  strongly.  In  the  formation  of  a  polar  chain  through 
a  solution  of  a.  sulphate  of  this  class,  we  have  had  reason  to  sup- 
pose that  the  sulphuric  acid  applies  itself,  for  the  time,  to  the  water 
rather  than  the  metallic  oxide  as  its  base  (page  265).  The  phenomena 
of  voltaic  endosmose  were  also  found  to  favour  the  idea  of  the  po- 
larization of  highly  aggregated  molecules,  in  whicli  the  binary  mole- 
cule was  represented  by  a  single  atom  of  chlorine  or  salt-radical, 
against  a  single  atom  of  hydrogen  or  metal  associated  with  a  large 
number  of  atoms  of  water,  which  constituted  together  the  basylous 
atom.  The  application  of  polar  formulae  to  the  explanation  of  voltaic 
decompositions  of  all  kinds  would,  I  believe,  more  correctly  express 
the  molecular  changes  that  occur,  than  the  usual  assumption  of  the 
binary  division  of  the  compound  body,  in  an  absolute  manner,  into 
a  basylous  atom  and  a  fictitious  group  forming  a  halogen  body. 

GENEBAL  SUMMARY. 

1.  In  a  closed  voltaic  circle,  a  certain  number  of  lines  or  chains 
of  polarized  molecules  is  established,  each  chain  being  continuous 
round  the  circle.  Hence  the  polar  condition  of  the  circle  must  be 
every  where  the  same.  The  same  number  of  particles  of  exciting 
fluid  are  simultaneously  polar  upon  the  surface  of  every  zinc  plate  in 
the  active,  cells,  and  also  upon  the  surface  of  the  zincoid  in  the  cell 
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of  decomposition,  and  the  consequent  chemical  change,  or  decompo- 
sition occurring,  is  of  the  same  amount  in  all  the  cells  in  the  same 
time.  This  equality  in  condition  and  results  is  essential  to  a  circular 
polarization,  such  as  exists  in  the  voltaic  circle. 

The  number  of  polar  chains  that  can  be  established  at  the  same 
time  in  a  particular  voltaic  arrangement,  is  obviously  affected  by 
several  circumstances : — 

(1)  By  the  size  of  the  zinc  plate :  the  number  of  particles  of  zinc 
that  may  be  simultaneously  acted  upon  by  the  exciting  fluid  being 
directly  proportional  to  the  extent  of  metaUic  surface  exposed. 

(2)  By  the  nature  and  accidental  state  of  the  exciting  liquid, 
some  electrolytes  being  more  easily  acted  on  by  the  positive  metal 
than  others ;  while  the  state  of  dilution,  temperature,  and  other  cir- 
cumstances, may  affect  the  facility  of  decomposition  of  any  particular 
electrolyte. 

(3)  The  adhesion  of  the  gas  bubbles  of  hydrogen  to  the  copper 
plate,  at  which  they  are  evolved,  interferes  much  with  the  action  of  a 
battery ;  partly  by  reducing  the  surface  of  copper  in  contact  with 
acid,  and  partly  by  acting  as  a  zincous  element,  and  originating  an 
opposite  polarization  in  the  battery  (page  269).  By  taking  up  the 
hydrogen,  by  means  of  a  solution  of  sulphate  of  copper  in  contact 
with  the  copper  plate,  Mr.  Daniell  increased  the  amount  of  circulating 
force  six  times. 

(4)  The  chemical  action  in  a  cell  is  also  diminished  by  increasing 
the  distance  from  each  other  in  the  exciting  fluid  of  the  positive  and 
negative  metals. 

(5)  The  lines  of  chemico-polar  molecules  in  the  exciting  fluid 
should  be  repulsive  of  each  other,  like  lines  of  magneto-polar  elements, 
as  illustrated  in  the  mutual  repulsion  and  divergence  of  the  threads 
of  steel  fiUngs  which  attach  themselves  to  the  pole  of  a  magnet  (fig. 
63,  page  237).  That  the  lines  of  induction  do  diverge  greatly  in 
the  acid,  starting  from  the  zinc  as  a  centre,  is  placed  beyond  doubt 
by  many  experiments  of  Mr.  Daniell.  A  small  ball  of  zinc  suspended 
in  a  hollow  copper  globe  filled  with  acid,  is  the  arrangement  in 
which  this  divergence  is  least  restrained,  and  was  found  to  be  the 
most  effective  form  of  the  voltaic  circle.  When  the  copper,  too, 
is  a  flat  plate,  and  wholly  immersed  in  the  acid,  the  back  is  found  to 
act  as  a  negative  surface,  as  well  as  the  face  directly  exposed  to  the 
zinc,  showiiig  that  the  lines  of  induction  in  the  acid  expand, 
and  open  out  from  each  other,  some  bending  round  the  edge  of  the 
copper  plate  and  terminating  their  action,  after  a  second  flexure,  on 
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its  opposite  side.  To  collect  these  diverging  lines,  the  surface  of  the 
copper  may  be  increased  with  advantage  to  at  least  four  times  that  of 
the  zinc. 

(6)  The  polar  chains  of  molecules,  in  the  connecting  wires  and 
other  metallic  portions  of  the  circle,  must  be  equally  repulsive  of 
each  other.  Hence  the  small  size  of  the  negative  plates  in  the  active 
cells,  and  of  the  platinum  plates  in  the  cell  of  decomposition,  and  the 
thinness  of  the  connecting  mres,  are  among  the  circumstances  which 
diminish  the  number  of  polar  chains  that  can  be  established,  and 
impair  the  general  efficiency  of  a  battery. 

2.  The  effect  of  multiplying  the  active  cells  in  a  battery  is  not  to 
increase  the  number  of  polar  chains,  or  qiiantitt/  of  decomposition, 
but  to  increase  the  intendty  of  the  induction  in  each  chain ;  although 
this  increase  in  intensity  generally  augments  the  quantity  also,  in  an 
indirect  manner,  by  overcoming  more  or  less  completely  such  obsta- 
cles to  induction  as  have  been  enumerated, 

3.  The  intensity  of  the  induction,  also,  is  much  greater  with  some 
electrolytes  than  others.  Thus  a  single  pair  of  zinc  and  platinum 
plates  excited  by  dilute  sulphuric  acid,  decomposes  iodide  of  potas- 
sium, proto-chloride  of  tin,  and  fused  chloride  of  silver,  but  not  fused 
nitre,  chloride  or  iodide  of  lead,  or  solution  of  sulphate  of  soda. 
With  the  addition,  however,  of  a  little  nitric  acid  to  the  sulphuric, 
the  same  single  circle  decomposes  all  these  bodies,  and  even  water 
itself.  Here  we  have  a  primary  chlorous  induction  from  the  oxygen 
of  the  nitric  acid,  in  addition  to  the  basylous  induction  of  the  zinc 
(page  268).  The  former  action  also  is  attended  by  the  suppression 
of  the  hydrogen,  so  that  the  evolution  of  that  gas  upon  the  negative 
plate  is  avoided. 

4.  The  division  of  the  connecting  wire,  and  the  separation  of  its 
extremities  to  the  most  minute  distance  from  each  other,  is  sufficient 
to  stop  all  induction  and  the  propagation  of  the  polar  condition  in 
an  arrangement  with  the  usual  good  conducting  fluids.  In  a 
powerful  voltaic  battery  consisting  of  seventy  large  Daniell  cells,  no 
induction  was  observed  to  pass  when  the  terminal  wires  were  sepa- 
rated not  more  than  the  one- thousandth  of  an  inch,  even  with  the 
flame  of  a  spirit-lamp  or  ratified  air  between  them.  Absolute  contact 
of  the  wires  was  necessary  to  establish  the  circulation.  But  after 
contact  was  made,  and  the  wires  were  heated  to  whiteness,  they 
might  be  separated  to  a  small  distance  without  the  induction  being 
interrupted  :  the  space  between  them  was  then  filled  with  an  arch  of 
dazzling  light,  containing  detached  particles  of  the  wire  in  a  state  of 
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intense  ignition,  which  were  found  to  proceed  from  the  zincoidto  the 
chloroid,— ^the  former  losing  matter,  and  the  other  acquiring  it.  So 
highly  fixed  a  substance  as  platinum  is  carried  from  the  one  terminal 
to  the  other  in  this  manner ;  but  the  transference  of  matter  is  most 
remarkable  between  charcoal  points,  which  may  be  separated  to  the 
greatest  distance,  and  afford  the  largest  and  most  brilhant  arch 
of  flame.  A  similar,  although  it  may  be  an  excessively  minute 
detachment  of  matter,  is  found  to  accompany  the  electric  spark 
in  all  circumstances.  Hence,  the  electric  spark  always  contains 
matter.  In  a  powerful  water  battery,  however,  of  a  thousand  couples, 
where  the  conducting  power  of  the  liquid  is  low,  good  sparks  are 
obtained  on  approaching  the  terminals  (Gassiot) . 

5.  When  terminal  wires  of  a  voltaic  circle  are  grasped  in  the  hands, 
the  circuit  may  be  completed  by  the  fluids  of  the  body,  provided  the 
battery  contains  a  considerable  number  of  cells,  and  the  induction  is 
of  high  intensity :  the  nervous  system  is  then  affected,  the  sensation 
of  the  electric  shock  being  experienced. 

6.  The  conducting  wire  becomes  heated  precisely  in  proportion  to 
the  number  of  polar  chains  established  in  it,  and  consequently  in 
proportion  to  the  size  of  the  zinc  plate ;  and  this  to  the  same  degree 
from  the  induction  of  a  single  cell  as  from  any  number  of  similar 
cells.  Wires  of  different  metals  are  unequally  heated,  according  to 
the  resistance  which  they  offer  to  induction.  The  following  immbers 
express  the  heat  evolved  by  the  same  circulation  in  different  metals, 
as  observed  by  Mr.  Snow  Harris  : — 


Heat  evolved. 

Resistance 

Silver 

6 

1 

Copper     . 

6 

1 

Gold 

9 

n 

Zinc 

.       18 

3 

Platinum 

.       30 

5 

Iron 

.       30 

5 

Tin 

.       36 

6 

Lead 

.       72 

12 

Brass 

.       10         .         , 

3 

The  conducting  powers  of  the  metals  are  inversely  as  these  num- 
bers ;  silver  being  a  better  conductor  than  platinum  in  the  proportion 
of  5  to  1.  The  conducting  power  of  all  of  them  is  found  to  be 
diininished  by  heat. 

7.  As  a  portion  of  the  voltaic  circle,  the  conducting  wire  acquires 
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extraordinary  powers  of  another  kind,  which  can  only  be  very  shortly 
referred  to  here,  belonging  as  they  properly  do  to  physics. 

(1)  Another  wire  placed  near  and  parallel  to  the  conducting  wire, 
has  the  polar  condition  of  its  molecules  disturbed,  and  an  induction 
propagated  through  it  in  an  opposite  direction  to  that  in  the  con- 
ducting wire. 

(2)  If  the  conducting  wire  be  twisted  in  the  manner  of  a  cork- 
screw so  as  to  form  a  hollow  spiral  or  helix,  it  will  be  found  in  that 
form  to  represent  a  magnet^  one  end  of  the  helix  being  a  north,  and 
the  other  a  south  pole ;  and,  if  moveable,  will  arrange  itself  in  the 
magnetic  meridian,  under  the  influence  of  the  earth^s  magnetism.  Its 
poles  are  attracted  by  the  unlike  poles  of  an  ordinary  magnet,  and  it 
imparts  magnetism  to  soft  iron  or  steel  by  induction.  Tw^o  such 
helices  attract  and  repel  each  other  by  their  different  poles,  like  two 
magnets.  Indeed,  an  ordinary  magnet  may  be  viewed  as  a  body 
having  a  hehcal  chain  of  its  molecules  in  a  state  of  permanent  che- 
mico-polarity. 

(3)  If  a  bar  of  soft  iron  bent  into  the  form  of  a  horse-shoe,  with 
a  copper  wire  twisted  spirally  round  it,  be  appKed  like  a  lifter  to  the 
poles  of  a  permanent  magnet,  at  the  instant  of  the  soft  iron  becom- 
ing a  magnet  by  induction,  the  molecules  of  the  spiral  become  chemico- 
polar  j  and  when  contact  is  broken  with  the  permanent  magnet,  and 
the  soft  iron  ceases  to  be  a  magnet,  the  wire  exhibits  a  polarity  the 
reverse  of  the  former.  By  a  proper  arrangement,  electric  sparks 
and  shocks  may  be  obtained  from  the  wire,  while  the  soft  iron  in- 
cluded within  it  is  being  made  and  unmade  a  magnet.  The  mag- 
neto-electric machine  is  a  contrivance  for  this  purpose,  and  is  now 
coming  to  supersede  the  old  electric  machine,  as  a  source  of  what  is 
termed  electricity  of  tension.  Magnetic  and  electric  effects  are  thus 
reciprocally  produced  from  each  other. 

(4)  "Wlien  the  pole  of  a  magnetic  needle  is  placed  near  the  con- 
ducting wire,  the  former  neither  approaches  nor  recedes  from  the 
latter,  but  exhibits  a  disposition  to  revolve  round  it.  The  extraor- 
dinary and  beautiful  phenomena  of  electrical  rotation  are  exhibited 
in  an  endless  variety  of  contrivances  and  experiments.  As  the  mag- 
netic needle  is  generally  supported  upon  a  pivot,  it  is  free  to  move 
only  in  a  horizontal  plane,  and  consequently  when  the  conducting 
wire  is  held  over  or  under  it  (the  needle  being  supposed  in  the  mag- 
netic meridian),  the  poles  in  beginning  to  describe  circles  in  opposite 
directions  round  the  wire,  proceed  to  move  to  the  right  and  left 
of  it,  and  thus  deviate  from  the  true  meridian.     The  amount  of  de- 
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viatiou  in  degrees  is  proportional  to  the  quantity  of  circulating  induc- 
tion, and  may  be  taken  to  represent  it,  as  is  done  in  a  useful  instru- 
ment, the  galvanometer,  to  be  afterwards  described.  It  was  in  the 
form  of  these  deflections,  that  the  phenomena  exhibited  by  a  magnet, 
under  the  influence  of  a  conducting  wire,  first  presented  themselves 
to  Oersted  in  1819. 

8.  Thermo-electrical  phenomena  are  produced  from 
the  effect  of  unequal  temperature  upon  metals  in 
contact.  If  heat  be  applied  to  the  point  c,  (fig.  81), 
at  which  two  bars  of  bismuth  and  antimony  b  and  a 
are  soldered  together,  on  connecting  the  free  ex- 
tremities by  a  wire,  the  whole  is  found  to  form  a 
weak  voltaic  circle,  with  the  induction  from  h  through 
the  wire  to  a.  Hence  in  this  thermopolar  arrange- 
ment the  bismuth  is  the  negative  metal,  and  may  be  compared  to  the 
copper  in  the  voltaic  cell.  If  cold  instead  of  heat  be  applied  to  c,  a 
current  also  is  established,  but  in  an  opposite  direction  to  the  former. 
Similar  circuits  may  be  formed  of  oher  metals,  which  may  be  ar- 
ranged in  the  following  order,  the  most  powerful  combination  being 
formed  of  those  metals  which  are  most  distant  from  each  other  in 
the  following  enumeration  :  bismuth,  platinum,  lead,  tin,  copper  or 
silver,  zinc,  iron,  antimony.  When  heated  at  their  points  of  con- 
tact, the  current  proceeds  through  the  wire  from  those  which  stand 
first  to  the  last.  According  to  Nobili,  similar  circuits  may  be  formed 
with  substances  of  which  the  conducting  power  is  lower  than  that  of 
the  metals. 

Several  pairs  of  bismuth  and  antimony  bars  may  be  associated  as 
in  fig.  22,  and  the  extreme  bars  being  connected  by  a  wire,  form  an 
Tig.  82.  arrangement  resembling  a  compound 

voltaic  circle.  Upon  heating  the  upper 
junctions,  and  keeping  the  lower  ones 
cool,  or  on  heating  the  lower  ones  and 
keeping  the  others  cool,  an  induction 
is  established  in  the  wire,  more  intense 
than  in  the  single  pair  of  metals,  but 
still  very  weak.  The  conducting  wire  strongly  affects  a  needle,  caus- 
ing a  deflection  proportional  to  the  inequality  of  temperature  between 
the  ends  of  the  bars.  Melloni's  thermo -multiplier  is  a  delicate  in- 
strument of  this  kind,  which  is  even  more  sensitive  to  changes  of 
temperature  than  the  air-thermometer,  and  has  afforded  great  assist- 
ance in  exploring  the  phenomena  of  radiant  heat  (page  35). 
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In  such  a  compound  bar,  also,  unequal  temperature  may  be  pro- 
duced, by  making  it  the  connecting  wire  of  a  single  and  weak  voltaic 
circle;  whereupon  the  metals  become  cold  at  their  junction,  if  the 
induction  is  from  the  bismuth  to  the  antimony,  and  hot  at  the  same 
point  if  the  induction  is  in  the  opposite  direction.  These  are  the 
converse  of  the  preceding  phenomena,  in  which  electrical  effects 
were  produced  by  inequality  of  temperature. 

9.  The  friction  of  different  bodies  is  another  source  of  electrical 
phenomena.  One,  at  least,  of  the  bodies  rubbed  together  must  not 
be  a  conductor,  and  in  general  two  non-conductors  are  used. 
When  a  silk  handkerchief  or  a  piece  of  resin  is  rubbed  upon  glass, 
both  are  found,  after  separation,  in  a  polar  condition,  and  continue 
in  it.  The  rubbing  surface  of  the  glass  becomes  and  remains  zin- 
cous,  and  that  of  the  resin  or  silk  is  chlorous ;  and  a  molecular 
polarization  is  at  the  same  time  established  through  the  whole  mass 
of  both  the  glass  and  resin,  reaching  to  their  opposite  surfaces,  which 
exhibit  the  other  polarity.  The  powers  thus  appearing  on  the  two 
rubbing  surfaces,  being  manifestly  different,  were  distinguished  by 
tlie  names  of  the  bodies  on  which  they  are  developed ;  that  upon  the 
glass  as  vitreous  electricity  (basylous  affinity),  and  that  upon  the  resin 
as  resinous  electricity  (halogenous  affinity). 

In  comparing  the  chemico-polarity  excited  by  friction  with  that 
of  the  voltaic  circle,  we  observe  that  the  former  is  of  high  intensity 
but  small  in  quantity,  or  affecting  only  a  small  number  of  trains  of 
molecules.  Also  that  the  polar  condition  is  more  or  less  permanent, 
depending  upon  the  insulation,  and  attended  with  a  disturbance  of 
the  polar  condition  of  surrounding  bodies  to  a  considerable  distance, 
giving  rise  to  electrical  attractions  and  repulsions,  or  statical  pheno- 
mena. If  both  the  excited  and  vitreous  resinous  surfaces  have  a  conduct- 
ing metal,  such  as  a  sheet  of  tin-foil,  applied  to  them,  and  each  sheet  have 
a  wire  proceeding  from  it,  the  wires  and  tin-foil  are  polarized  similarly 
to  the  glass  and  the  resin  which  they  cover ;  and  a  sahne  body  placed 
between  the  extremities  of  the  wires,  which  are  respectively  a  zincoid 
and  cbloroid,  is  polarized  also,  and  decomposed.  But  the  amount 
of  decomposition,  which  is  a  true  measure  of  the  quantity  of  polar 
chains,  is  extremely  minute  compared  with  the  amount  of  polar- 
ization in  the  voltaic  circle.  Thus,  Mr.  Faraday  has  calculated 
that  the  decomposition  of  one  grain  of  water  by  zinc,  in  the  active 
cell  of  the  voltaic  circle,  produces  as  great  an  amount  of  polarization 
and  decomposition  in  the  cell  of  decomposition,  as  950,000  charges 
of  a  large  Leyden  battery,  of  several  square  feet  of  coated  surface ; 
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an  enormous  quantity  of  power,  equal  to  a  most  destructive  tliunder 
storm.  The  polarization  from  friction  is  therefore  singularly  intense, 
although  remarkably  deficient  in  quantity,  or  in  the  number  of  chains 
of  polar  molecules. 

The  kinds  of  matter  susceptible  of  this  intense  polarization  are  so 
many  and  so  various,  such  as  glass,  minerals,  wood,  resins,  sulphur, 
oils,  air,  &c.,  as  to  make  it  difficult  to  suppose  that  the  polar  mo- 
lecule is  of  the  same  chemical  constitution  in  all  of  them,  as  it  is  in 
the  electrolytes  of  the  voltaic  circle.  Indeed,  it  must  be  admitted 
that  all  matter  whatever  may  be  forced  into  a  polar  condition  by  a 
most  intense  induction. 

Electrical  induction  at  a  distance,  Mr.  Faraday  has  shewn  to  be 
always  an  action  of  contiguous  particles,  chains  of  particles  of  air, 
or  some  other  "dielectric,"  extending  between  the  excited  body 
which  is  inducing,  and  the  induced  body.  His  investigation  of  this 
subject  led  to  the  remarkable  discovery  that  the  intensity  of  electric 
induction  at  a  constant  distance  from  the  inducing  body  is  not 
always  the  same,  but  varies  in  different  media,  the  induction  through 
a  certain  thickness  of  shell-lac,  for  instance,  being  twice  as  great  as 
through  the  same  thickness  of  air.  Numbers  may  be  attached  to 
different  bodies  which  express  their  relative  inductive  capacities  : — 
Specific  inductive  capacity  of  air  .  .  .1 
.     "  "  glass         .         .     1.76 

sheU-lac    .         .     2 
sulphur     .         .     2.24 
The  inductive  capacity  of  all  gases  is  the  same  as  that  of  air,  and 
this  property,  it  is  remarkable,  does  not  alter  in  these  bodies  with 
variations  in  their  density. 

10.  Mr.  Faraday  has  lately  made  the  important  discovery  that  a 
ray  of  polarized  light,  passing  through  a  transparent  liquid  or  solid, 
is  deflected,  and  takes  a  spiral  direction,  or  has  a  motion  of  rotation 
communicated  to  it  by  the  approximation  of  the  pole  of  a  powerful 
electro  or  natural  magnet ;  the  pole  of  the  latter  being  so  placed  that 
the  ray  is  in  the  direction  of  the  lines  of  attraction  of  the  magnet. 
The  amount  of  the  deflection  of  the  ray  varies  in  different  transparent 
bodies,  and  is  approximatively  expressed  for  oil  of  turpentine  by 
11.8,  heavy  borate  of  lead  glass  6.0,  flint-glass  2.8,  rock-salt  2.2, 
water  1,  alcohol  and  ether  less  than  water  (Phil.  Trans.  1846). 

11.  Operating  with  electro-magnets  of  the  highest  power,  Mr. 
Faraday  has  obtained  results  of  a  fundamental  nature  respecting  the 
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magnetic  capacity  of  different  kinds  of  matter.     The  magnetic  field 
being   represented   as  in  fig.  83,  ^^^-  ^^- 

where  N  and  S  are  the  two  poles, 
the  dotted  lineN  Sconnectingthese 
poles,  or  line  of  magnetic  force,  is 
conveniently  termed  the  axial  direc- 
tion, and  the  line  e  r,  perpendicular 
to  the  former,  the  equatorial  direc- 
tion. "When  a  bar  of  bismuth,  two  inches  long,  0.83  inch  wide,  and  0.2 
thick,  was  delicately  suspended  by  a  thread  of  untwisted  silk,  and 
placed  between  the  magnets,  it  arianged  itself  in  the  direction  of  e  r, 
or  equatorially.  All  kinds  of  solid,  liquid,  and  even  gaseous  matter 
have  a  certain  amount  of  tendency  to  place  themselves,  like  the  bis- 
muth bar,  across  the  axial  or  proper  magnetic  direction.  This  equa- 
torial tendency  is,  however,  overcome  and  negatived  by  the  smallest 
proper  magnetic  property  which  bodies  may  possess,  as  this  is  the 
axial  polarity,  and  causes  the  substance  to  set  with  its  greatest  length 
in  the  direction  N  S.  Besides  iron,  nickel  and  cobalt,  the  usual 
magnetic  metals,  platinum,  palladium  and  titanium,  proved  to  be 
axial  bodies.  So  are  all  the  salts  containing  iron,  nickel,  or  cobalt, 
as  base.  Even  bottle  glass  is  comparatively  very  magnetic,  from  the 
iron  it  contains ;  so  is  crown  (window)  glass,  but  not  flint  glass. 
The  solutions  of  these  salts  are  also  magnetic.  Crystals  of  the  yellow 
ferrocyanide  and  red  ferricyanide  of  potassium  are  not  magnetic,  but 
set  equatorially.  The  iron,  it  will  be  remembered,  belongs  to  the 
acid  in  these  last  salts.  The  salts  of  the  oxides  of  the  following 
metals  proved  magnetic,  and  Mr.  Faraday  is  disposed  to  infer  that 
the  metals  themselves  are  so — manganese,  cerium,  chromium.  Paper 
and  many  other  organic  and  mineral  substances  often  contain  enough 
of  iron  to  make  them  fall  into  the  same  class. 

The  bodies  which  place  themselves  equatorially  are  named  dia- 
magnetic.  The  endless  list  of  them  is  also  headed  by  metals,  which 
appear  to  possess  this  power  in  different  degrees  of  intensity  accord- 
ing to  the  following  order : — 


DT  A  MAGNET 

IC  METALS. 

Bismuth. 

Cadmium. 

Antimony. 

Mercury. 

Zinc. 

Silver. 

Tin. 

Copper. 
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The  other  nou-magnetic  metals  are  diamagnetic  in  a  less  degree. 
This  property  is  not  sensibly  impaired  by  heating  the  metals  up  to 
their  fusing  points.  The  property  may  be  experimentally  illustrated 
by  pointed  pieces  of  rock  crystal,  glass,  phosphorus,  sealing-wax, 
caoutchouc,  wood,  beef,  bread,  &c.  (Phil.  Trans.  1846). 

Hot  air  and  flame  are  more  diamagnetic  than  cold  or  cooler  air,  so 
that  a  stream  of  the  former  spreads  itself  equatorially  in  ascending 
between  magnetic  poles.  Of  many  gases  and  vapours  tried  by  Mr. 
Faraday,  oxygen  was  found  to  be  the  least  diamagnetic ;  and  this 
element  appears  to  lower  the  equatorial  tendency  of  the  gases  into 
which  it  enters  as  a  constituent.  Nitrogen  is  more  highly  diamag- 
netic than  carbonic  acid  or  hydrogen.  In  an  atmosphere  of  carbonic 
acid  gas  (instead  of  air)  between  the  magnetic  poles,  streams  of 
hydrogen  gas,  coal  gas,  olefiant  gas,  muriatic  acid,  and  ammonia, 
passed  equatorially,  and  are  therefore  more  diamagnetic.  A  stream 
of  oxygen,  which  is  so  little  diamagnetic,  had,  consequently,  "  the  ap- 
pearance of  being  strongly  magnetic  in  coal  gas,  passing  with  great 
impetuosity  to  the  magnetic  axis,  and  clinging  about  it ;  and  if 
much  muriate  of  ammonia  fume  were  purposely  formed  at  the  time, 
it  was  carried  by  the  oxygen  to  the  magnetic  field  with  such  force  as 
to  hide  the  ends  of  the  magnetic  poles.  If,  then,  the  magnetic 
action  were  suspended  for  a  moment,  this  cloud  descended  by  its 
gravity ;  but  being  quite  below  the  poles,  if  the  magnet  were  again 
rendered  active,  the  oxygen  cloud  immediately  started  up  and  took 
its  former  place.  The  attraction  of  iron  filings  to  a  magnetic  pole 
is  not  more  striking  than  the  appearance  presented  by  the  oxygen 
under  these  circumstances"^.^' 


VOLTAIC  INSTEUMENTS. 

DanielVs  constant  battery. — A  cell  of  this  battery  consists  of  a 
cylinder  of  copper  3  J  inches  in  diameter,  which  experience  has 
proved  to  the  inventor  to  afford  the  most  advantageous  distance 
between  the  metallic  surfaces,  but  which  may  vary  in  height  from  6 
to  20  inches,  according  to  the  power  wliich  it  is  wished  to  obtain. 
A  membranous  bag  formed  of  the  gullet  of  an  ox,  is  hung  in  the 
centre  by  a  collar  and  circular  copper  plate,  resting  upon  a  rim  within 
and  near  the  top  of  the  cylinder ;  and  in  tliis  is  suspended  by  a  wooden 

*  Faraday,  Phil.  Mag.  xxxi.  415. 
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cross-bar,  a  cylindrical  rod  of  amalgamated  zinc  half  an  inch  in 
diameter.  Or  a  tube  of  porous  earthenware,  shut  at  the  bottom,  is 
substituted  for  the  membrane  with  great  convenience.  The  outer 
cell  is  charged  with  a  mixture  of  8  measures  of  water  and  1  of  oil  of 
vitriol,  which  has  been  saturated  with  sulphate  of  copper,  and  por- 
tions of  the  solid  salt  are  placed  upon  the  circular  copper  plate,  which 
is  perforated  like  a  colander,  for  the  purpose  of  keeping  the  solution 
always  in  a  state  of  saturation.  The  internal  tube  is  filled  with  the 
same  acid  mixture  -without  the  salt  of  copper.  A  section  of  the 
upper  part  of  one  of  these  cells  is  here  represented  -.abed  (fig.  84)  is 
the  external  copper  cylinder ;  e  f  g  h,  the 
internal  cyMnder  of  easrthenware,  and  /  m 
the  rod  of  amalgamated  zinc.  Upon  a 
ledge  e  d,  within  an  inch  or  two  of  the  top 
of  tlie  cylinder,  rests  the  cylindrical  colander 
i  ky  which  contains  the  copper  salt,  and  both 
the  sides  and  bottom  of  which  are  perfo^ 
rated  with  holes.  A  number  of  such  cells 
may  be  connected  into  a  compound  circuit, 
with  wires  soldered  to  the  copper  cylinders, 
and  fastened  to  the  zinc  by  clamps  and 
serews  as  shewn  below,  in  fig.  85.  (Daniell's 
Introduction  to  Chemical  Philosophy). 
Fig.  85.  Instead  of  the  zinc 

cylinder  a  thick  plate 
of  laminated  zinc  is 
now  generally  used, 
which  is  more  re- 
gularly amalgamated 
than  the  cast  cylin- 
der. 

In  this  instrument 
the  sulphate  of  zinc, 
formed  by  the  solu 
tion  of  the  zinc  rod, 
is  retained  in  the  stoneware  cylinder,  and  prevented  from  diffusing 
to  the  copper  surface ;  while  the  hydrogen,  instead  of  being  evolved 
as  gas  on  the  surface  of  the  latter  metal,  decomposes  the  oxide  of 
copper  of  the  salt  there,  and  occasions  a  deposition  of  metallic 
copper  on  the  copper  plate.  Such  a  circle  will  not  vary  in  its  action 
for  hours  togellier,  which  makes  it  invaluable  in  the  investigation  of 
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voltaic  laws.  It  owes  its  superiority  principally  to  three  circum- 
stances : — to  the  amalgamation  of  the  zinc,  which  prevents  the  waste 
of  that  metal  by  solution  when  the  circuit  is  not  completed ;  to  the 
non-occurrence  of  the  precipitation  of  zinc  upon  the  copper  surface ; 
and  to  the  complete  absorption  of  the  hydrogen  at  the  copper  surface, 
the  adhesion  of  globules  of  gas  to  the  metallic  plates  greatly  di- 
minishing, and  introducing  much  irregularity  into  the  action  of  a 
circle. 

Groves  nitric  acid  hatter y. — In  this  battery  the  positive  metal 
is  amalgamated  zinc,  and  the  negative  metal  platinum,  while  the  in- 
termediate liquid  is  of  two  kinds,  dilute  sulphuric  acid  of  sp.  gr.  1 .125 
in  contact  with  the  zinc,  and  strong  nitric  acid  in  contact  with  the 
platinum.     In  fig.  86,  a  represents  a  flat  cell  of  porous  earthenware. 


Fig.  86. 
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to  contain  the  nitric  acid  and  platinum  plate ;  h,  the  platinum  plate  • 
dj  the  zinc  plate,  which  is  doubled  up  to  include  the  porous  cell ; 
e,  a  cell  of  glazed  earthenware  to  contain  the  sulphuric  axjid  and  zinc 
plate ;  f,  a  wooden  frame  to  support  the  last  cell,  terminated  above 
by  copper  plates  provided  with  clamps,  by  which  the  terminal  wires 
are  attached.  Two  wooden  wedges,  such  as  c^  are  required  to  fix 
the    upper  end  of  the  zinc   plate  on  the  one  side,  and  the  plati- 
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num  plate  on  the  other,  as  in  fig.  87. 
Convenient  dimensions  for  the  princi- 
pal parts  are,  the  external  cell  e,  4^^ 
inches  by  2f  and  1 J ;  porous  cell  a, 
H^y  H  ^^^  f  "^<^1^  f  platinum  plate 
5  inches  by  2J,  and  weighing  about 
10  grains  in  the  square  inch. 

In  fig.  88,  six  of  these  cells  are 
placed  together  in  a  wooden  frame, 
with  the  upper  part  of  each  end  of  the 
frame  of  stout  sheet  copper,  to  which 
the  plates  and  wires  can  be  clamped. 
The  wires  from  the  platinum  and  zinc 
ends  of  the  battery,  have  platinum 
plates,  a  and  b,  attached  to  them  as 


Fig.  87. 


Fig.  88. 
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terminals.  A  battery  of  this  size  wiU  evolve  8  or  10  cubic  inches  of 
mixed  oxygen  and  hydrogen  gases  in  the  voltameter  per  minute.  It 
is  equal  to  several  times  as  many  cells  of  the  preceding  battery.  The 
polarizing  power  is  very  intense,  and  little  more  decomposing  power 
is  gained  by  increasing  the  number  of  cells  beyond  five  or  six. 

The  carbO'Zinc  hattery  of  Bunsen,  which  is  much  used  on  the 
continent,  is  a  modification  of  the  last  construction,  in  which  char- 
coal in  contact  with  the  nitric  acid  is  substituted  for  plati  num     The 
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carbon  is  in  the  form  of  a  hollow  cylinder,  and  is  made  by  coking 
pounded  coal  in  a  proper  iron  mould.  By  soaking  the  coke  in  sugar, 
and  calcining  a  second  time,  great  compactness  is  given  to  the  cyHn- 
der.  The  latter  is  so  large  as  to  include  the  porous  cell  containing 
Fig.  89.  the  zinc  and  acid,  and  is  itself  placed  in  a 

stout  glass  cylinder,  of  which  the  neck  is 
contracted  so  as  to  support  the  coke  cylinder 
(fig.  89).  The  zinc  cylinder  c  is  connected 
by  a  slip  h  and  ring  a  of  the  same  metal 
with  the  coke  cylinder,  of  which  the  upper 
end  is  made  a  Kttle  conical  to  hold  the  ring. 
This  battery  has  the  advantage  of  enlarged 
negative  surface,  and  provides  ample  space 
for  the  nitric  acid. 

For  other  useful  forms  of  the  battery,  such  as  that  introduced  by 
Mr.  Smee,  in  which  a  thin  sheet  of  silver  covered  by  a  deposit  of 
platinum  (platinized  silver)  is  the  negative  metal,  I  must  refer  to 
works  upon  Electricity. 

Bird's  battery  and  decomposing  cell, — To  M.  Becquerel  we  are 
particularly  indebted  for  the  investigation  of  the  decomposing  powers 
of  feeble  currents,  sustained  for  a  long  time,  the  results  of  which  are 
of  great  interest,  both  from  the  nature  of  the  substances  that  can 
be  thus  decomposed,  and  from  the  form  in  which  the  elements  of  the 
body  decomposed  are  presented,  the  slow  formation  of  these  bodies 
permitting  their  deposition  in  regular  crystals."^  Dr.  Golding  Bird 
has  also  added  to  the  number  of  bodies  decomposed  by  such  means, 
and  contrived  a  simple  form  of  the  battery,  which,  with  BecquereFs 
decomposing  cell,  renders  such  decompositions  certain  and  easy.f 

The  decomposing  cell  consists 
of  a  glass  cylinder  a^  (fig.  90) 
within  another  glass  cylinder  h. 
The  inner  cylinder  « is  4  inches 
long,  and  1  \  inch  in  diameter, 
and  is  closed  at  the  lower  end 
by  a  plug  of  plaster  of  Paris 
0.7  inch  in  thickness  :  this  cy- 
hnder  is  fixed  by  means  of 
wedges  of  cork  within  the  other, 
which  is  a  plain  jar,  about  8 

*  Traite  Experimental  de  I'Electricite  ct  du  Magnetisine,  par  M.  Becquerel. 
t  Phil.  Trans.  1837,  p.  37. 


Fig.  90. 
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inches  deep  by  2  inches  in  diameter.  A  piece  of  sheet  copper  <?,  4 
inches  long  and  3  inches  wide^  having  a  copper  conducting  wire 
soldered  to  it,  is  loosely  coiled  up  and  placed  in  the  inner  cylin- 
der with  the  plaster  bottom:  a  piece  of  sheet  zinc  z,  of  equal 
size,  is  also  loosely  coiled,  and  placed  in  the  outer  cylinder; 
this  zinc  likewise  being  furnished  with  a  conducting  wire.  The 
outer  cylinder  is  then  nearly  filled  with  a  weak  solution  of  common 
salt,  and  the  inner  with  a  saturated  solution  of  sulphate  of  copper. 
The  two  fluids  are  prevented  from  mixing  by  the  plaster  diaphragm, 
and  care  being  taken  that  they  are  at  the  same  level  in  both  the 
cylinders,  the  circle  will  afford,  on  joining  the  wires,  a  continuous 
current  for  weeks,  the  chloride  of  sodium  and  the  sulphate  of  copper 
being  very  slowly  decomposed.  After  it  has  been  in  action  for  some 
weeks,  chloride  of  zinc  is  found  in  the  outer  cylinder :  and  beautiful 
crystals  of  metallic  copper,  frequently  mixed  with  the  ruby  suboxide 
(closely  resembling  the  native  copper  ruby  ore  in  oppearance),  with 
large  crystals  of  sulphate  of  soda.,  are  found  adhering  to  the  copper 
plate  in  the  smaller  cylinder,  especially  on  that  part  where  it  touches 
the  plaster  diaphragm. 

The  decomposing  cell  is  the  counterpart  of  the  battery  itself,  con- 
sisting, like  it,  of  two  glass  cylinders,  one  within  the  other,  the  smaller 
one  c  having  a  bottom  of  plaster  of  Paris  fixed  into  it :  this  smaller 
tube  may  be  about  ^  inch  wide  and  3  inches  in  length,  and  is  in- 
tended to  hold  the  metallic  or  other  solution  to  be  decomposed,  the 
external  tube  d,  in  which  the  other  is  immersed,  being  filled  with  a 
weak  solution  of  common  salt.  In  the  latter  solution  a  slip  of  amal- 
gamated zinc-plate  z\  soldered  to  the  wire  coming  from  the  copper 
plate  c  of  the  battery,  is  immersed ;  and  a  slip  of  platinum  foil  pi, 
connected  with  the  wire  from  the  zinc  plate  z  of  the  battery,  is  im- 
mersed in  the  liquor  of  the  smaller  tube,  being  held  in  its  place  by  a 
cork,  through  wliich  its  wire  passes.  The  whole  arrangement  is  now 
obviously  a  pair  of  active  cells,  of  which  c  z  is  one  metallic  element, 
and  z  pi  the  other ;  and  the  fluid  between  z  and  c  divided  by  the 
porous  plaster  diaphragm,  one  fluid  element,  and  the  fluid  between 
z  and  jjI,  divided  by  a  porous  plaster  diaphragm,  another  fluid  ele- 
ment ;  although  it  will  be  convenient  to  speak  of  the  last  as  the  cell 
of  decomposition.  With  a  solution  of  chlorides  or  nitrates  of  iron, 
copper,  tin,  zinc,  bismuth,  antimony,  lead  or  silver,  in  the  smaller 
tube.  Dr.  Bird  finds  the  metals  to  be  reduced  upon  the  surface  of  the 
platinum,  generally  but  not  invariably  in  possession  of  a  perfect 
metallic  lustre,  always  more  or  less  crystalHne,  and  often  very  beau- 


VOT/rAIC  INSTBUMKNTS. 


289 


tifuUy  so.  The  crystals  of  copper  rival  in  hardness  and  malleability 
the  finest  specimens  of  native  copper,  and  those  of  silver,  which  are 
needles,  are  white  and  very  brilliant.  The  solution  of  fluoride  of 
silicon  in  alcohol  being  introduced  into  the  small  tube  by  Dr.  Bird,  a 
deposition  of  silicon  upon  the  platinum  was  found  to  take  place  in 
24  hours,  which  was  nearly  black  and  granular,  and  is  described  as 
exhibiting  a  tendency  to  a  crystalline  form.  From  an  aqueous  solution 
of  the  same  fluoride,  a  deposition  of  gelatinous  silica  was  observed  to 
take  place  around  the  reduced  silicon,  mixed  with  which,  or  precipi- 
tated in  a  zone  on  the  sides  of  the  tube,  O'^pecially  if  of  small  dia- 
meter, frequently  appear  minute  crystalline  grains  of  silica  or  quartz, 
of  sufficient  hardness  to  scratch  glass,  and  appearing  traiislucent 
under  the  microscope.  With  a  modification  of  the  decomposing  cell 
described.  Dr.  Bird  succeeded  in  decomposing  a  solution  of  chloride 
of  potassium,  and  obtained  an  amalgam  of  potassium.  The  inner 
tube  c  was  replaced  by  a  small  glass  funnel,  the  lower  opening  of 
which  was  stopped  with  stucco,  and  which  thus  closed  retained  a 
weak  solution  of  the  alkaline  chloride  poured  into  it.  Every  thing 
external  to  this  funnel  remaining  as  usual,  mercury,  contained  in  a 
sliort  glass  tube,  like  a  thimble,  was  placed  in  the  funnel,  and  covered 
by  the  liquid,  and  instead  of  the  platinum  plate,  a  platinum  wire, 
coiled  into  a  spiral  at  the  extremity,  was  plunged  into  the  mercury, 
the  other  end  of  this  wire  being  connected  with  the  zinc  plate  z  of 
the  battery.  The  circuit  having  been  thus  completed,  the  mercury 
had  swollen  in  eight  or  ten  hours  to  double  its  former  bulk,  and 
when  afterwards  thrown  into  distilled  water,  evolved  hydrogen,  and 
Fig.  91.  produced   an   alka- 

line solution.  A 
solution  of  hydro- 
chlorate  of  ammo- 
nia being  substi- 
tuted for  that  of 
chloride  of  potas- 
sium, in  this  expe- 
riment, the  metal 
swells  to  five  or  six 
times  its  bulk  in  a 
few  hours,  and  the 
semi-fluid  amalgam 
of  ammonium  is 
formed.  These  fee- 
^  ble  cunentsthus  ef- 
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feet  decompositions,  in  the  lapse  of  time,  which  batteries  of  the 
ordinary  form,  and  considerable  magnitude,  may  effect  very  imper- 
fectly, or  fail  entirely  in  producing. 

Volta-meter, — The  decomposing  power  of  a  battery  is  represented 
by  the  quantity  of  oxygen  and  hydrogen  gases  evolved  in  a  cell  of 
decomposition  containing  dilute  sulphuric  acid.  The  volta-meter 
(fig.  91)  is  simply  a  cell  so  charged,  and  of  a  proper  form  to  allow 
of  the  gases  evolved  being  collected  and  measured. 

Galvanometer. — The  sensibility  of  the  magnetic  needle  to  the 
influence  of  the  conducting  wire  of  a  voltaic  circle  brought  near  it, 
has  been  applied  to  the  construction  of  an  instrument  which  will 
indicate  the  feeblest  polarization  or  slightest  current  in  the  connecting 
M'ire.  It  consists  of  a  pair  of  magnetic  needles  (fig.  92),  fixed  on  one 
Y^r..  92.  axis  with  their  attracting 

poles  opposite  each  other, 
so  as  to  leave  them  little 
or  no  directive  power,  and 
render  them  astatic,  which 
is  delicately  suspended  by 
a  single  fibre  of  unspun 
silk.  The  lower  needle 
is  enclosed  within  a  cir- 
cle formed  by  a  hank  of 
covered  wire  B,  of  which 
p  and  n  are  the  extremi- 
ties. When  the  terminal 
wires  of  a  battery  are  con- 
nected with  the  wires, 
the  hank  of  wire  of  the 
galvanometer  becomes  part 
of  the  connecting  wire, 
and  the  needle  is  de- 
flected. The  inductions  proceeding  in  one  direction  above  the 
needle  and  returning  in  the  opposite  direction  below  the  needle, 
conspire  to  produce  the  same  deflection;  and  the  upper  needle 
having  its  poles  reversed,  is  deflected  in  the  same  direction,  by  the 
wire  below  it,  as  the  lower  needle  is  by  the  wire  above  that  needle. 
Every  turn  of  the  wire  also  repeats  the  influence  upon  the  needle, 
so  that  the  deflection  is  increased  in  proportion  to  the  number  of 
turns  or  coils  in  the  hank  of  wire. 
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CHAPTER  V. 


NON-METALLIC  ELEMENTS. 


Section  I. — Oxygen. 

Equivalent  8  [hydrogen  =  1,  or  100  as  the  basis  of  the  Oxygen 
Scale;  density  1105*6  (aeV  =1000) ;  combining  measure  \    I 
[one  volume.) 

The  following  thirteen  of  the  sixty-two  elementary  bodies  known"^,  are 
included  in  the  class  of  non-metallic  elements : — oxygen,  hydrogen, 
nitrogen,  carbon,  boron,  silicon  or  silicium,  sulphur,  selenium, 
phosphorus,  chlorine,  bromine,  iodine,  and  fluorine.  Of  these, 
oxygen,  from  certain  relations  which  it  bears  to  aQ  the  others,  and 
from  its  general  importance,  demands  the  earliest  consideration. 

The  name  oxygen  is  compounded  of  o^vc,  acid,  and  yevvaw,  I  give 
rise  to,  and  was  given  to  this  element  by  Lavoisier,  with  reference  to 
its  property  of  forming  acids  in  uniting  with  other  elementary  bodies. 
Oxygen  is  a  permanent  gas,  when  uncombined,  and  forms  one-fifth 
part  of  the  air  of  the  atmosphere.  In  a  state  of  combination,  this 
element  is  the  most  extensively  diffused  body  in  nature,  entering  as  a 
constituent  into  water,  into  nearly  all  the  earths  and  rocks  of  which 
the  crust  of  the  globe  is  composed,  and  into  all  organic  products, 
with  a  few  exceptions.  It  was  first  recognised  as  a  distinct  sul)- 
stance  by  Dr.  Priestley  in  this  country,  in  1774,  and  about  a  year 
afterwards  by  Scheele  in  Sweden,  without  any  knowledge  of  Priestle/s 
experiments.  Trom  this  discovery  may  be  dated  the  origin  of  true 
chemical  theory. 

Preparation. — Oxygen  gas  is  generally  disengaged  from  some  com- 
pound containing  it,  by  the  action  of  heat. 

1.  It  was  first  procured  by  Priestley,  by  heating  Eed  Precipi- 
tate (oxide  of  mercury),  which  is  thereby  resolved  into  fluid  mercury 

*  This  number  includes  three  elements — erbium,  terbium,  and  ilmenium,  of  whi<?h 
the  existence  is  doubtful. 
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and  oxygen  gas.  To  illustrate  the  formation  of  oxygen  in  this  way, 
200  grains  of  red  precipitate  may  be  introduced  into  the  body  of  a 
small  retort  a   of  hard  or   difficultly  fusible  glass,  and  the  retort 

Tig.  93. 
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united  in  an  air-tight  manner  ^dth  a  small  globular  flask  b,  having  two 
openings,  both  closed  by  perforated  corks,  one  of  which  admits  the 
beak  of  the  retort,  and  the  other  an  exit  tube  c,  of  glass,  bent  as  in 
the  figure.  The  extremity  of  the  exit  tube  is  introduced  into  a  gra- 
duated jar  capable  of  holding  50  or  60  cubic  inches,  and  placed 
in  an  inverted  position,  full  of  water,  upon  the  shelf  of  a  pneumatic 
water-trough.  Heat  is  then  applied  to  the  retort  by  means  of  an 
Argand  spirit  lamp  powerful  enough  to  raise  it  to  a  red  heat,  and 
maintain  it  at  that  temperature  for  a  considerable  time.  The  first 
efi'ect  of  the  heat  is  to  expand  the  air  in  the  retort,  bubbles  of  which 
issue  from  the  tube  c,  and  rise  to  the  top  of  the  jar  displacing 
water ;  but  more  gas  follows,  which  is  oxygen,  and  at  the  same  time 
metallic  mercury  condenses  in  the  neck  of  the  retort  and  runs  down 
into  the  intermediate  flask  b.  Wlien  the  red  precipitate  in  the  retort 
has  entirely  disappeared,  the  lamp  may  be  extinguished,  and  the 
retort  allowed  to  cool  completely.  The  end  of  the  exit  tube  c  being 
now  above  the  level  of  the  water  in  the  jar,  which  is  nearly  full  of 
gas,  a  portion  of  the  latter,  equal  in  bulk  to  the  air  which  first  left 
the  retort,  will  return  to  it,  from  the  contraction  of  the  gas  within 
the  retort.  The  jar  will  be  found  in  the  end  to  contain  44  cubic 
inches  of  gas,  which  is  therefore  the  measure  of  oxygen  produced  in 
the  experiment,  and  the  flask  to  contain  185  grains  of  mercury. 
Now  44  cubic  inches  of  oxygen  weigh  15  grains;  and  a  true  ana- 
lysis of  the  red  precipitate  has  been  effected,  of  which  the  residt  is, 
that  200  grains  of  that  substance  consist  of — 
185  grains  mercury. 
15      „     oxygen,  (44  cubic  inches.) 
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But  oxygen  gas  is  more  generally  derived  from  two  other  sub- 
stances— oxide  of  manganese  and  clilorate  of  potash. 

2.  When  the  gas  is  required  in  large  quantity,  and  exact  purity 
is  immaterial,  the  oxide  of  manganese  is  preferred  from  its  cheapness. 
This  is  a  black,  heavy  mineral,  found  in  Devonshire,  in  Hesse  Darm- 
stadt, and  other  localities,  of  wliich  upwards  of  40,000  tons  are  con- 
sumed annually  in  the  manufactures  of  the  country.  It  is  called  an 
oxide  of  manganese,  because  it  is  a  compound  of  the  metal  manga- 
nese with  oxygen.  In  explanation  of  what  takes  place  when  this 
substance  is  heated,  it  is  necessary  to  state  that  manganese  is  capable 
of  uniting  with  oxygen  in  several  proportions,  namely,  one  equiva- 
lent, or  27.67  parts  of  manganese,  with  8,  and  with  16  parts  of  oxy- 
gen ;  and  two  equivalents  of  manganese  with  24  parts  of  oxygen. 
These  compounds  are : — 

Protoxide  of  manganese  ....     Mn  -j-   O. 

Sesquioxide 2Mn  +  30. 

Binoxide,  or  native  black  oxide      .    Mn  +  20. 

Now  the  binoxide,  however  strongly  heated,  never  loses  more  than 
one-third  of  its  oxygen,  being  converted  into  a  compound  of  the 
first  two  oxides  :  that  is,  three  equivalents  of  binoxide  (131.01  parts) 
lose  two  equivalents  of  oxygen  (16  parts),  and  leave  a  compound  of 
one  eq.  of  sesquioxide  and  one  eq.  of  protoxide;  a  change  which 
may  be  thus  expressed : — 

3Mn02=(?P    r^      ^r    r^ 

One  of  the  malleable  iron  bottles  in  wliich  mercury  is  imported  is 
readily  converted  into  a  retort,  in  which  the  black  oxide  may  be 
heated,  by  removing  its  screwed  iron  stopper,  and  replacing  tliis  by 
an  iron  pipe  of  three  feet  in  length,  onee  nd  of  which  has  been  cut  to 
the  screw  of  the  bottle.  This  pipe  may  be  bent  like  «,  figure  94^ 
if  the  bottle  is  to  be  heated  in  an  open  fire,  or  in  a  furnace  open  at 
the  top.  Prom  3  to  9  pounds  of  the  oxide  may  be  introduced  as  a 
charge,  according  to  the  quantity  of  gas  to  be  prepared,  each  pound 
of  good  German  manganese  yielding  about  1400  cubic  inches,  or 
5.05  gallons  of  gas.  Upon  the  first  appUcation  of  heat,  water  comes 
off,  as  steam,  mixed  occasionally  with  a  gas  which  extinguishes  flame; 
this  is  owing  to  the  impurity  of  the  oxide.  The  products  may  be 
allowed  to  escape,  till  the  point  of  a  wood-match,  red  without  flame. 
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applied  to  the  orifice,  is  rekindled  and  made  to  burn  with  brilliancy ; 
the  gas  is  then  sufficiently  pure,  and  means  must  be  taken  for  collect- 
ing it.     A  small  flexible  tin  tube  hy  of  any  convenient  length,  is 


Fig.  94. 


|C     ^ 
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adapted  to  the  iron  pipe,  by  means  of  a  perforated  cork,  by  which 
the  gas  is  conveyed  to  a  pneumatic  trough,  and  collected  in  glass 
jars  filled  with  water,  as  in  the  former  experiment ;  or,  as  this  process 
affords  considerable  quantities  of  oxygen,  the  gas  is  more  generally 
conducted  into  the  inferior  cylinder  or  drum  of  a  copper  gas  holder 
c,  full  of  water.  The  water  does  not  flow  out  by  the  recurved  tube 
which  forms  the  lower  opening,  but  is  retained  in  the  vessel  by  the 
pressure  of  the  atmosphere  on  the  surface  of  the  water  in  that  tube, 
as  water  is  retained  in  a  bird's  drinking-glass.  But  when  the  tin 
tube  is  introduced  into  the  gas-holder  by  this  opening,  water  escapes 
by  it,  in  proportion  as  gas  is  thrown  into  the  cylinder  and  rises  in 
bubbles  to  the  top.  The  progress  of  filling  the  gas-holder  may  be 
observed  by  the  glass  gauge-tube  g,  wliich  is  open  at  both  ends,  and 
connected  with  the  top  and  bottom  of  the  cylinder,  so  that  the  water 
stands  at  the  same  height  in  the  tube  as  in  the  cylinder.  Convenient 
dimensions  for  the  cylinder  itself  are  16  inches  in  height  by  12  in 
diameter ;  to  fill  which  a  charge  of  three  pounds  of  manganese  may 
be  used.  The  gauge -tube  is  so  apt  to  be  broken,  or  to  occasion 
leakage  at  its  junctions  with  the  cyhnder,  when  the  latter  is  large 
and  unwieldy,  that  it  is  generaEy  better  to  forego  the  advantage  it 
offers,  and  dispense  with  this  addition  to  the  gas-holder.  When  ap- 
plied to  a  smaU  gas-holder,  the  ends  of  the  tube  are  conveniently 


OXYGEN. 


295 


adapted  to  the  ojieniiigs  of  the  cylinder,  by  means  of  perforated  corks, 
which  are  afterwards  covered  by  a  mixture  of  white  and  red  lead 
with  a  drying  oil. 

After  the  cylinder  is  filled,  the  lower  opening  by  which  the  gas 
was  admitted  is  closed  by  a  good  cork,  or  by  a  brass  cap  made  to 
screw  over  it.  The  superior  cylinder  is  an  open  water  trough,  con- 
nected with  the  inferior  cylinder  by  two  tubes  provided  with  stop- 
cocks, m  and  ;/,  one  of  which,  ?;«,  is  continued  to  the  bottom  of  that 
vessel,  and  conveys  water  from  the  superior  cyHnder,  \^  hile  the  other 
Fig.  96.  tube,  //,  terminates  at  the  top  of  the  inferior  cyhuder,  and 
affords  a  passage  by  which  the  gas  can  escape  from  it, 
when  water  is  allowed  to  descend  by  the  other  tube.  The 
tube  and  perforation  of  the  stopcock  of  m  should  be  con- 
siderably wider  than  n.  A  jar  a  is  filled  with  gas  by 
inverting  it  full  of  water  in  the  superior  cylinder,  over  the 
opening  of  w,  as  exhibited  in  the  figure,  and  allowing  the 
gas  to  ascend  from  the  inferior  cylinder.  Gas  may  like- 
wise be  obtained  by  the  stopcock  /  (fig.  94),  water  being  allowed  to 
enter  by  m  at  the  same  time. 

Oxygen  may  likewise  be  disengaged  from  oxide  of  manganese  in  a 
flask  or  retort,  by  means  of  sulphuric  acid  diluted  with  an  equal  bulk 
of  water,  but  tliis  is  not  a  process  to  be  recommended.  When  the 
quantity  of  oxygen  required  is  not  very  large,  it  is  better  to  have 
recourse  to  chlorate  of  potash,  which  has  also  the  advantage  of 
giving  a  perfectly  pure  gas. 

3.  A  well-cleansed  Tlorence  oil  flask,  the  edges  of  the  mouth  of 
which  have  been  heated  and  turned  over  so  as  to  form  a  lip,  with  a 
bent  glass  tube  and  perforated  cork  fitted  to  it  (fig.  96),  forms  a  con- 
venient retort  in  wliich  about  half  an  ounce  of  clilorate  of  potash  may 
be  heated  by  means  of  a  gas  flame  or  Argand  spirit  lamp.  The  salt 
melts,  although  it  contains  no  water,  and  when  nearly  red  hot  emits 
Fig,  96.  abundance  of  oxygen  gas. 

At  one  point  of  the  decom- 
position, the  effervescence 
may  become  so  violent  as 
to  burst  the  flask,  especi- 
ally if  the  exit  tube  be 
narrow,  unless  the  heat 
be  moderated.  The  chlo- 
rate of  potash  parts  with 
all  the  oxygen  it  pos- 
sesses, which  amounts  to 
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39*2  per  cent,  of  its  weight,  and  leaves  a  wliiteliard  salt,  the  chloride 
of  potassium. 

The  only  inconvenience  attending  the  preceding  process  is  the 
high  temperature  required,  which  would  soften  a  retort  or  flask  of 
flint  glass.  It  was  discovered,  however,  by  M.  Mitscherlich  that 
chlorate  of  potash  is  decomposed  at  a  much  lower  temperature  when 
mixed  with  dry  powders,  upon  which  it  exercises  no  chemical  action, 
particularly  metallic  peroxides,  such  as  the  binoxide  of  manganese  and 
the  black  oxide  of  copper*  Nothing  can  answer  better  than  the 
binoxide  of  manganese,  after  being  made  anhydrous  by  a  short 
exposure  to  a  red  heat.  Two  parts  of  clilorate  of  potash  in  powder, 
mixed  with  one  part  of  the  dried  oxide,  forms  a  useful  "  oxygen 
mixture,''  tvhich  may  be  made  in  quantity  and  preserved  for  occa- 
sional use. 

From  an  atomic  statement  of  the  composition  of  chlorate  of  potash  it 
appears  that  one  equivalent  of  it  (122*5  parts)  contains  six  equivalents 
of  oxygen  (48  parts),  namely  five  eq.  in  the  chloric  acid  and  one  eq. 
in  the  potash,  the  whole  of  which  come  off,  leaving  one  equivalent  of 
chloride  of  potassium  (74'5  parts) : — 

KO+ao,=  (^^ 

'     (KCl. 

Half  Jin  ounce  of  chlorate  of  potash  should  yield  270  cubic  inches  of 
nearly  &  gallon  of  pure  oxygen  gas. 

4.  Another  ptocesS  for  oxygen  gas,  proposed  by  Mr.  Balmain, 
consists  in  heating  in  a  retort  3  parts  of  the  bichromate  of  potash  in 
powder,  Mdth  4  parts  of  undiluted  Sulphuric  acid  :  the  gas  comes  off 
in  a  continuous  stream,  and  a  mixture  of  sulphate  of  potash  and  sul- 
phate of  sesquioxide  of  chromium  retoains  behind  in  the  retort.  The  de- 
composition which  takes  place  is  explained  in  the  following  formula: — • 
KO,  CrA  l?^dth  4  SO3,  give  KO,  SO3  with  Cr203  3SO3  and  30. 

The  bichromate  of  potash  loses  one-half  of  the  oxygen  contained 
in  the  chromic  acid,  or  about  16  per  cent,  of  its  weight;  one  ounce  of 
salt  yielding  about  200  cubic  inches  of  gas. 

Properties, — Oxygen  gas  is  colourless^  and  destitute  of  odour  and 
taste.  It  is  heavier  than  air  in  the  ratio  of  1 105 '6  to  1000,  accord- 
ing to  the  latest  careful  determination,  that  of  M.  Regnault.* 

At  the  temperatute  of  60°,  and  with  the  barometer  at  30  inches, 

*  Annalesde  Chimie,  &c,,  1845,  36<  ser.  t.  xiv.  p;  211.  The  Inean  of  three  tveighingsj 
previously  made  by  MM.  Dumas  and  Boussingatilt,  was  llOS?  (ibid<  t.  viii.  p.  201). 
Baron  Wrede  found  1105"2.  At  a  much  earlier  period  T.  de  SaussUre  obtained 
Keguault's  number,  1105*6.     These  coincidences  in  the  results  of  independent  observers 
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100  cubic  inches  of  oxygen  gas  weigh  34*19  grains  (Regnault). 
One  cubic  inch,  therefore,  weighs  0*3419  gr.,  or  about  J  of  a  grain. 
It  has  never  been  liquefied  by  cold  or  pressure. 

Oxygen  is  so  sparingly  soluble  in  water,  that  when  agitated  in 
contact  with  that  fluid  no  perceptible  diminution  of  its  volume  takes 
place.  But  when  water  is  previously  deprived  of  air  by  boiHng,  and 
allowed  to  cool  in  a  close  vessel,  100  cubic  inches  of  it  dissolve  3 J 
cubic  inches  of  this  gas. 

If  a  hghted  wax  taper  attached  to  a  copper  wire  be  blown  out,  and 
dipped  into  a  vessel  of  oxygen  gas,  while  the  wick  remains  red  hot, 
it  instantly  rekindles  with  a  sHght  explosion,  and  bums  with  great 
brilliancy.  If  soon  withdrawn  and  blown  out,  it  may  be  revived 
again  in  the  same  manner,  and  the  experiment  be  repeated  several 
times  in  the  same  gas.  Lighted  tinder  burns  with  flame  in  oxygen, 
and  red-hot  charcoal  with  brilhant  scintillations.  Burning  sulphur 
introduced  into  this  gas  in  a  little  hemispherical  cup  of  iron-plate 
with  a  wire  attached  to  it,  burns  with  an  azure  blue  flame  of  con- 
siderable intensity.  Phosphorus  introduced  into  oxygen  in  the  same 
manner,  burns  with  a  dazzHng  Hght  of  the  greatest  splendour, 
particularly  after  the  phosphorus  boils  and  rises  through  the  gas  in 
vapour.  Indeed,  all  bodies  which  burn  in  air,  bum  with  increased 
vivacity  in  oxygen  gas*  Even  iron  wire  may  be  burned  in  this  gas. 
Tor  this  purpose  thin  harpsichord  wire  should  be  coiled  about  a 
cylindrical  rod  into  a  spiral  form.  The  rod  being  withdrawn,  a  piece 
of  thread  must  be  twisted  about  one  end  of  the  wire,  and  dipped  iato 
melted  sulphur ;  the  other  end  of  the  wire  is  to  be  fixed  into  a  cork, 
so  that  the  spiral  may  hang  vertically.  The  sulphured  end  is  then  to 
be  lighted,  and  the  wire  suspended  in  a  jar  of  oxygen,  open  at  the 
bottom,  such  as  that  represented  in  fig.  95,  page  295,  supported 
upon  an  earthenware  plate.  The  wire  is  kindled  by  the  sulphur,  and 
bums  with  an  intense  white  Hght,  throwing  out  a  number  of  sparks, 
or  occasionally  allowing  a  globule  of  fused  oxide  to  fall ;  while  the 
wire  itseK  continues  to  fuse  and  bum  till  it  is  entirely  consumed,  or 
the  oxygen  is  exhausted.     The  experiment  forms  one  of  the  most 

appear  to  prove  that  a  close  approximation  has  befen  made  to  thd  true  density  of  tkls  gas  : 
an  important  datura.  The  earlier  determination  of  MM.  t)uloilg  and  Berzelius  was 
1102-6  (ibid.  1820,  2e.  ser.  t.  xv.  p.  386).  According  to  M.  llegnault  the  weight  of  1000 
cubic  centimeters  (1  liter)  of  oxygen  gas,  at  32°  F.,  barometer  29.92  inches  (760  milli- 
meters), isl"4298  gramme.  Hence,  1000  c.  c.  being  equal  to  61  028  English  c,  inches,  and 
1  gramme  to  15*4440  English  grains,  100  cubic  inches  of  oxygen,  at  the  specified 
temperature  and  pressure,  weigh  36"  1390  grains.  Calculating  with  Regnault's  coefficient 
for  the  expansion  of  air  (page  12),  1  volume  of  oxygen  will  become  1' 05  701  volume, 
at  60°,  and  100  cubic  inches  of  oxygen  will  weigh  34.1898  grains  at  that  temperature. 
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beautiful  and  brilliant  in  chemistry.  The  globules  of  fused  oxide  are 
of  so  elevated  a  temperature,  that  they  remain  red-hot  for  some  time 
under  the  surface  of  water,  and  fuse  deeply  into  the  substance  of  the 
stoneware  plate  upon  which  they  fall. 

Oxygen  gas  is  respirable,  and  indeed  is  constantly  taken  into  the 
lungs  from  the  atmosphere  in  ordinary  respiration.  When  a  portion 
of  dark  blood  drawn  from  a  vein  is  agitated  with  this  gas,  the  colour 
becomes  of  a  fine  vermilion  red.  The  same  change  occurs  in  the 
blood  of  living  animals,  during  respiration,  from  the  absorption  of 
oxygen  gas,  which  is  required  to  maintain  the  animal  heat.  A  small 
animal,  also,  such  as  a  mouse  or  bird,  lives  four  or  five  times  longer 
in  a  vessel  of  oxygen  than  it  will  in  an  equal  bulk  of  air.  But  the 
continued  respiration  of  this  gas  in  a  state  of  purity  is  injurious  to 
animal  life.  A  rabbit  is  found  to  breathe  it  without  inconvenience 
for  some  time,  but  after  an  interval  of  an  hour  or  more  the  circula- 
tion and  respiration  are  much  quickened,  and  a  state  of  great  excite- 
ment of  the  general  system  supervenes ;  this  is  by  and  by  followed  by 
debihty,  and  death  occurs  in  from  six  to  ten  hours.  The  blood  is 
found  to  be  highly  florid  in  the  veins  as  well  as  the  arteries,  and, 
according  to  Broughton,  the  heart  continues  to  act  strongly  after  the 
breathing  has  ceased. 

Oxygen  may  be  made  to  unite  with  all  the  other  elements  except 
fluorine,  and  forms  oxides,  while  the  process  of  uniting  with  oxygen 
is  termed  oxidation.  With  the  same  element  oxygen  often  unites  in 
several  proportions,  forming  a  series  of  oxides,  wliich  are  then  dis- 
tiaguished  from  each  other  by  the  different  prefixes  enumerated  under 
Chemical  nomenclature  (page  113).  Many  of  its  compounds  are 
acids,  particularly  those  which  contain  more  than  one  equivalent  of 
oxygen  to  one  of  the  other  element,  and  compounds  of  this  nature 
are  those  wliich  it  most  readily  forms  with  the  non -metallic  elements  : 
such  as  carbonic  acid  with  carbon,  sulphurous  acid  with  sulphur, 
phosphoric  acid  with  phosphorus.  But  oxygen  unites  in  preference 
"with  single  equivalents  of  a  large  proportion  of  the  metallic  class  of 
elements,  and  forms  bodies  which  are  alkaHne  or  have  the  character 
of  bases :  such  as  potash,  Hme,  magnesia,  protoxide  of  iron,  &c.  A 
certain  number  of  its  compounds  are  neither  acid  nor  alkahne,  and 
are  therefore  called  neutral  bodies :  such  as  the  oxide  of  hydrogen  or 
water,  carbonic  oxide,  and  nitrous  oxide.  The  greater  number  of 
these  neutral  oxides  are  also  protoxides. 

It  has  already  been  stated  that  m  a  classification  of  the  elements 
oxygen  does  not  stand  alone,  but  forms  one  of  a  small  natural  family 
along  with  sulphur,  selenium,  and  tellurium.     These  elements  also 
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form  acid,  basic,  and  neutral  classes  of  compounds,  with  the  same 
bodies  as  oxygen  does,  of  which  the  sulphur  compounds  are  well 
known,  and  always  exhibit  a  well-marked  analogy  to  the  correspond- 
ing oxides.  Oxygen-acids  unite  with  oxygen-bases,  and  form 
neutral  salts  :  so  do  sulphur-acids  with  sulphur-bases,  selenium-acids 
with  selenium-bases,  and  tellurium-acids  with  tellurium-bases. 

The  combinations  of  oxygen,  like  those  of  all  other  bodies,  are 
attended  with  the  evolution  of  heat.  This  result,  which  is  often 
overlooked  in  other  combinations,  in  which  the  proportions  of  the 
bodies  uniting  and  the  properties  of  their  compound  receive  most 
attention,  assumes  an  unusual  degree  of  importance  in  the  combina- 
tions of  oxygen.  The  economical  applications  of  the  light  and  heat 
evolved  in  these  combinations  are  of  the  highest  consequence  and 
value,  and  oxidation  alone,  of  aU  chemical  actions,  is  practised,  not  for 
the  value  of  the  products  it  affords,  and  indeed  without  reference  to 
them,  but  for  the  sake  of  the  incidental  phenomena  attending  it.  Of 
the  chemical  combinations,  too,  which  we  habitually  witness,  those  of 
oxygen  are  infinitely  the  most  frequent,  which  arises  from  its  constant 
presence  and  interference  as  a  constituent  of  the  atmosphere. 
Hence,  when  a  body  combines  with  oxygen,  it  is  said  to  be  burned  ; 
and  instead  of  undergoing  oxidation,  it  is  said  to  suffer  combustion  ; 
and  a  body  which  can  combine  with  oxygen  and  emit  heat  is  termed 
a  combustible.  Oxygen,  in  which  the  body  burns,  is  then  said  to 
support  combustion,  and  called  a  supporter  of  combustion. 

The  heat  evolved  in  combustion  is  definite,  and  can  be  measured. 
With  tliis  view  it  is  employed  to  melt  ice,  to  raise  the  temperature  of 
water  from  32°  to  212°,  or  to  convert  water  into  steam,  and  its 
quantity  estimated  by  the  extent  to  which  it  produces  these  effects. 
The  heat  from  the  oxidation  of  a  combustible  body  is  thus  found 
to  be  as  constant  as  any  other  of  its  properties.  Despretz  obtained, 
by  such  experiments,  the  results  contained  in  the  following  table : — 

HEAT  FROM  COMBUSTION. 

1  pound  of  pure  charcoal heats  from  32°  to  212°,  78  pounds  of  water. 

—  charcoal  from  wood      ....  —  75  — 

—  baked  wood —  36  — 

—  woodcontaining20per  cent,  of  water  —  27  — 

—  bituminous  coal —  60  — 

_  turf —  25  to  30  — 

—  alcohol —  67-5        — 

—  olive  oil,  wax,  &c —  90  to  95  — 

—  ether —  80  — 

—  hydrogen —  236*4      — 
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The  quantity  of  heat  evolved  appears  to  be  connected  with  the 
proportion  of  oxygen  consumed,  for  the  greater  the  weight  of  oxygen 
with  which  a  pound  of  any  combustible  unites,  the  more  heat  is  pro- 
duced. The  following  results  indicate  that  the  heat  depends  exclusively 
upon  the  oxygen  consumed,  four  different  combustibles  in  consuming 
a  pound  of  oxygen  affording  nearly  the  same  quantity  of  heat : — 

HEAT  OF  COMBUSTION. 
1  pound  of  oxygen  with  hydrogen  heats  from  32°  to  212°,  29^  pounds  of  water. 

—  with  charcoal  —  29          — 

—  with  alcohol  —  28          — 

—  with  ether  —  28§      — 

The  quantity  of  combustible  consumed  in  these  experiments  varied 
considerably,  but  the  oxygen  being  the  same,  the  heat  evolved  was 
nearly  the  same  also.  But  when  the  same  quantity  of  oxygen  con- 
verted phosphorus  into  phosphoric  acid,  exactly  t\^ice  as  much  heat 
was  evolved,  according  to  Despretz,  as  in  the  former  experiments. 
The  superior  vivacity  of  the  combustion  of  these  and  other  bodies  in 
pure  oxygen,  compared  with  air,  depends  entirely  upon  the  rapidity 
of  the  process,  and  the  larger  quantity  of  combustible  oxidated  in  a 
given  time.  A  candle  burns  with  more  light  and  heat  in  oxygen 
than  in  air,  but  it  consumes  proportionally  faster. 

Oxidation  is  often  a  very  slow  process,  and  imperceptible  in  its 
progress — as  in  the  rusting  of  iron  and  tarnishing  of  lead  exposed  to 
the  atmosphere.  The  heat  being  then  evolved  in  a  gradual  manner 
is  instantly  dissipated,  and  never  accumulates.  But  when  the  oxide 
formed  is  the  same,  the  nature  of  the  change  effected  is  in  no  way 
altered  by  its  slowness.  Iron  oxidates  rapidly  when  introduced  in  a 
state  of  ignition  into  oxygen  gas,  and  lead,  in  the  form  of  the  lead 
pyrophorus,  which  contains  that  metal  in  a  high  state  of  division, 
takes  fire  spontaneously  and  bums  in  the  air ;  circumstances  then 
favouring  the  rapid  progress  of  oxidation. 

Oxidation  may  also  go  on  with  a  degree  of  rapidity  sufficient  to 
occasion  a  sensible  evolution  of  heat,  but  without  flame  and  open 
combustion*  The  absorption  of  oxygen  by  spirituous  liquors  in 
becoming  acetic  acid,  and  by  many  other  organic  substances,  is 
always  attended  with  the  production  of  heat.  The  smouldering  com- 
bustion of  iron  pyrites  and  some  other  metallic  ores  in  the  atmosphere, 
is  a  phenomenon  of  the  same  nature.  Most  bodies  which  burn  with 
flame  also  admit  of  being  oxidated  at  a  temperature  short  of  redness, 
and  exhibit  the  phenomenon  of  low  combustion.  Thus,  tallow 
thrown  upon  an  iron  plate  not  visibly  red  hot,  melts  and  undergoes 
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oxidation,  diffusing  a  pale  lambent  flame  only  visible  in  the  dark 
(Dr.  C.  J.  B.  Williams).  If  the  tallow  be  heated  in  a  little  cup  with 
a  wire  attached,  till  it  boils  and  catches  fire,  and  the  flame  then 
be  blown  out,  the  hot  tullow  will  still  continue  in  a  state  of  low  com- 
bustion, of  which  the  flame  may  not  be  visible,  but  which  is  sufficient 
to  cause  the  renewal  of  the  high  combustion,  if  the  cup  is  immediately 
introduced  into  a  jar  of  oxygen  gas.  A  candle  newly  blown  out  is 
sometimes  rekindled  in  oxygen,  although  no  point  of  the  wick 
remains  visibly  red,  owing  to  the  continuance  of  this  low  combustion. 
When  a  coil  of  thin  platinum  wire,  or  a  piece  of  plantinum  foil,  is 
first  heated  to  redness,  and  then  held  over  a  vessel  containing  ether 
or  hot  alcohol,  the  vapours  of  these  substances,  mixed  with  the  air, 
oxidate  upon  the  hot  metallic  surface,  and  may  sustain  the  vessel  at  a 
red  heat  for  a  long  time,  without  the  occurrence  of  combustion  with 
flame.  The  product,  however,  of  the  low  combustion  of  these  bodies 
is  peculiar,  as  is  obvious  from  its  pungent  odour. 

Comhustion  in  air. — The  affinity  for  oxygen  of  all  ordinary  com- 
bustibles is  greatly  promoted  by  heating  them,  and  is  indeed  rarely 
developed  at  all  except  at  a  high  temperature.  Hence,  to  determine 
the  commencement  of  combustion,  it  is  commonly  necessary  that  the 
combustible  be  heated  ^to  a  certain  point.  But  the  degree  of  heat 
necessary  to  inflame  the  combustible  is  in  general  greatly  inferior  to 
what  is  evolved  during  the  progress  of  the  combustion,  so  that  a 
combustible,  once  inflamed,  maintains  itself  sufficiently  hot  to  con- 
tinue burning  till  it  is  entirely  consumed.  Here  the  difference  may 
be  observed  between  combustion  and  simple  ignition.  A  brick 
heated  till  it  be  red-hot  in  a  furnace,  and  taken  out,  exhibits  ignition, 
but  has  no  means  within  itself  of  sustaining  a  high  temperature,  and 
soon  loses  the  heat  which  it  had  acquired  in  the  fire,  and  on  coohng 
is  found  unchanged. 

The  oxidable  constituents  of  wood,  coal,  oils,  tallow,  wax,  and 
all  the  ordinary  combustibles,  are  the  same,  namely,  carbon  and 
hydrogen,  which  in  combining  with  oxygen,  at  a  high  tempera- 
ture, always  produce  carbonic  acid  and  water ;  volatile  bodies,  which 
disappear,  forming  part  of  the  aerial  column  that  rises  from  the 
burning  body.  The  constant  removal  of  the  product  of  oxidation, 
thus  effected  by  its  volatility,  greatly  favours  the  progress  of  com- 
bustion in  such  bodies,  by  permitting  the  free  access  of  air  to  the 
unconsumed  combustible.  The  interference  of  air  in  combustion 
is  obvious  from  the  facility  with  w^hich  a  fire  is  checked  or  extinguished 
when  the  supply  of  air  is  lessened  or  withheld,  and,  on  the  contrary, 
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revived  and  animated  when  the  supply  of  air  is  increased  by  blowing 
up  the  fire.  Tor  the  oxygen  of  the  air  being  consumed  in  combining 
with  the  combustible,  a  constant  renewal  of  it  is  necessary.  Hence, 
if  a  lighted  taper,  floated  by  a  cork  upon  water,  be  covered  with  a 
bell  jar  having  an  opening  at  top,  such  as  that  in  which  the  iron-wire 
was  burned,  the  taper  will  burn  for  a  short  time  without  change,  then 
more  and  more  feebly,  in  proportion  as  the  oxygen  is  exhausted,  and 
at  last  will  expire.  Tlie  air  remaining  in  the  jar  is  no  longer  suitable 
to  support  combustion,  and  a  second  lighted  taper  introduced  into  it 
by  the  opening  at  top  is  immediately  extinguished. 

In  combustion,  no  loss  whatever  of  ponderable  matter  occurs; 
nothing  is  annihilated.  The  matter  formed  may  always  be  collected 
without  difiiculty,  and  is  found  to  have  exactly  the  weight  of  the  oxygen 
and  combustible  together  which  have  disappeared.  The  most  simple 
illustrations  of  this  fact  are  obtained  in  the  combustion  of  those 
bodies  which  afford  a  solid  product.  Thus  when  two  grains  of  phos- 
phorus are  kindled  in  a  measured  volume  of  oxygen  gas,  they  are 
found  converted  after  combustion  into  a  quantity  of  wliite  powder 
(phosphoric  acid),  which  weighs  4 J  grains,  or  the  phosphorus  ac- 
quires 2  J  grains ;  at  the  same  time  7  J  cubic  inches  of  oxygen  disap- 
pear, whjjeh  weigh  exactly  2|-  grains.  In  the  same  way,  when  iron 
wire  is  burned  in  oxygen,  the  weight  of  solid  oxide  produced  is 
found  to  be  equal  to  that  of  the  wire  originally  employed  added  to 
that  of  the  oxygen  gas  which  has  disappeared.  But  the  oxidation  of 
mercury  affords  a  more  complete  illustration  of  what  occurs  in  com- 
bustion. Exposed  to  a  moderate  degree  of  heat  for  a  considerable 
time  in  a  vessel  filled  with  oxygen,  that  metal  is  converted  into  red 
scales  of  oxide,  possessing  the  additional  weight  of  a  certain  volume 
of  oxygen  which  has  disappeared.  But  if  the  oxide  of  mercury  so 
produced  be  then  put  into  a  small  retort,  and  reconverted  by  a  red 
heat  into  oxygen  and  fluid  mercury,  the  quantity  of  oxygen  emitted 
is  found  to  be  the  same  as  had  combined  with  the  mercury  in  the 
first  part  of  the  operation;  thus  proving  that  oxygen  is  really  present 
in  the  oxidized  body. 

The  evolution  of  heat,  which  is  the  most  striking  phenomenon  of 
combustion,  still  remains  to  be  accounted  for.  It  has  been  referred 
to  the  loss  of  latent  heat  by  the  combustible  and  oxygen,  when, 
from  the  condition  of  gas  or  liquid,  one  or  both  become  solid  after 
combustion ;  to  a  reduction  of  capacity  for  heat,  the  specific  heat  of 
the  product  being  supposed  to  be  less  than  that  of  the  bodies  burned; 
and  to  a  discharge  of  the  electricities  belonging  to  the  different  bodies, 
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Fig.  97. 


occurring  in  the  act  of  combination.  But  the  first  two  hypotheses 
are  manifestly  insufficient,  and  the  last  is  purely  speculative.  The  evo- 
lution of  heat  during  intense  chemical  combination,  such  as  oxidation, 
may  be  received  at  present  as  an  ultimate  fact ;  but  if  we  choose  to 
go  beyond  it,  we  must  suppose  that  the  heat  exists  in  a  combined  and 
latent  state  in  either  the  oxygen  or  combustible,  or  in  both;  that 
each  of  these  bodies  is  a  compound  of  its  material  basis  with  heat, 
tlie  whole  or  a  definite  quantity  of  which  they  throw  off  on  combin- 
ing with  each  other.  Heat,  like 
other  material  substances,  is  here 
supposed  not  to  evince  its  pe- 
culiar properties  while  in  a  state 
of  combination  with  other  matter, 
but  only  when  isolated  and  free. 
This  view  gives  a  literal  character 
to  the  expressions — liberation, 
disengagement,  and  evolution  of 
heat  during  combustion.  The 
phenomenon,  it  is  to  be  remem- 
bered, is  not  confined  to  oxida- 
tion, but  occurs  in  an  equal 
degree  in  combinations  without 
oxygen,  and  indeed  to  a  greater 
or  less  extent  in  all  chemical 
combinations  whatever. 

Fig.  98.  Pure  oxygen  has  not  as 

yet  found  any  considerable 
application  in  the  arts. 
But  by  the  chemist  it  is 
appHed  to  support  com- 
bustion with  the  view  of 
producing  intense  heat.  A 
jet  of  this  gas  from  a  gas- 
holder (fig.  97),  thrown 
upon  the  flame  of  a  spirit 
lamp,  produces  a  blow- 
pipe flame  of  great  in- 
tensity, adequate  to  fuse 
platinum.  Or,  if  coal- 
gas  be  conducted  to  the 
oxygen  jet  (fig.  98),  and 
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the  gases  kindled  as  they  issue  together,  aflame  is  produced  of 
equally  high  temperature.  Wiere  a  large  quantity  of  oxygen  is 
required,  as  in  this  application  of  it,  the  gas  may  be  obtained  by 
heating  oxide  of  manganese  in  a  cylinder  of  cast  iron  supported  over, 
a  furnace,  like  the  retort  for  coal  gas.  The  calcined  oxide  does  not 
regain  its  oxygen  when  afterwards  exposed  to  the  air,  as  was  once 
supposed,  but  would  still  be  of  some  value  in  the  preparation  of 
cldorine. 

Ozone, — Wlien  electric  sparks  are  taken  through  perfectly  dry 
oxygen,  a  small  portion  of  the  gas  acquires  new  properties,  according 
to  A.  de  la  Eive,  and  is  supposed  by  Berzelius  to  pass  into  an  alla- 
tropic  condition,  in  which  it  is  named  ozone  from  the  peculiar  odour 
it  possesses,  and  which  is  somewhat  metallic  in  character.  The  oxy- 
gen evolved  from  the  decomposition  of  water  in  the  voltameter 
(page  289)  has  the  same  odour.  But  the  most  ready  mode  of  pro- 
ducing it  is  to  place  a  few  sticks  of  phosphorus  in  a  quart  bottle 
containing  a  little  water  at  the  bottom  of  it.  While  the  sticks  of 
phosphorus  undergo  the  low  combustion  and  are  luminous,  produc- 
ing fumes  of  phosphorous  acid  and  absorbing  much  oxygen,  they 
give  rise  to  the  appearance  of  ozone  in  the  air  of  the  bottle  in  a 
manner  not  at  present  understood. 

This  substance  has  never  been  obtained  in  a  separate  state,  but  air 
impregnated  with  it  acts  very  much  as  if  a  trace  of  chlorine  gas  were 
present,  which  ozone  appears  to  resemble.  In  ozonized  air,  paper 
impregnated  with  a  solution  of  iodide  of  potassium  immediately 
becomes  brown  from  the  liberation  of  iodine ;  also  paper  containing 
a  solution  of  sulphate  of  manganese  soon  becomes  brown  or  black, 
from  the  formation  of  binoxide  of  manganese.  The  same  air  made 
to  stream  through  a  solution  of  the  yellow-ferrocyanide  of  potassium 
converts  it  into  the  red  ferricyanide.  Ozone  appears  to  be  a  gas  not 
sensibly  dissolved  by  water.  It  is  destroyed  by  a  heat  of  140°,  by 
contact  with  olefiant  gas,  and  such  other  hydrocarbons  as  combine 
with  chlorine,  by  phospliorus,  or  reduced  silver.  In  the  latter  case 
nothing  appears  except  oxide  of  silver.  It  passes,  I  find,  through 
dry  and  porous  stoneware,  and  is  therefore  not  likely  to  be  merely  an 
electrical  grouping  of  gaseous  molecules.  Professor  Schonbein,  who 
named  this  substance,  and  has  made  it  the  object  of  many  hivestiga- 
tions,  considers  it  to  be  a  volatile  peroxide  of  hydrogen. 
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Equivalent  1,  as  the  basis  of  the  Hydrogen  Scale y  or  12.5  (^.r'y- 
y^/2  =  100);  si/mhol  H;  density  69.26  {air  1000);  comhining 
measure    \    \    \  {two  volumes.) 

Hydrogen  gas,  which  was  long  confounded  with  other  inflammable 
airs,  was  first  correctly  described  by  Cavendish,  in  1766.  It  does 
not  exist  uncombined  in  nature ;  at  least  the  atmosphere  does  not 
contain  any  appre^iiable  proportion  of  hydrogen.  But  it  is  one  of 
the  elements  of  water,  and  enters  into  nearly  every  organic  substance. 
Its  name  is  derived  from  u^wp,  water,  and  ygi'vaw,  I  give  rise  to, 
and  refers  to  its  forming  water  when  oxidated. 

Preparation. — This  element,  although  resembling  oxygen  in 
being  a  gas,  appears  to  be  more  analogous  to  a  metal  in  its  relations 
to  other  elements.  By  heating  oxide  of  mercury,  it  is  resolved  into 
oxygen  and  mercury ;  and  several  other  metalHc  oxides,  such  as  those 
of  silver  and  gold,  are  susceptible  of  a  similar  decomposition.  But 
some  others  are  deprived  of  only  a  portion  of  their  oxygen  by  the 
most  intense  heat,  such  as  binoxide  of  manganese ;  and  many,  such 
as  the  protoxide  of  lead,  are  not  decomposed  at  all  by  simple  calcina- 
tion. By  igniting  the  latter  oxide,  however,  mixed  with  charcoal,  its 
oxygen  goes  off  in  combination  with  carbon,  as  carbonic  oxide,  and 
the  lead  is  left.  The  oxide  of  hydrogen  or  water  is  similarly  affected. 
Potassium  and  sodium  brought  into  contact  with  it,  at  the  tempera- 
ture of  the  air,  combine  with  its  oxygen,  and  are  converted  into  the 
oxides  potash  and  soda;  and  hydrogen  is  consequently  liberated. 

Iron  and  many  other  metals  decompose  water,  and  become  oxides, 
at  a  red  heat.  Hence,  hydrogen  gas  is  sometimes  procured  by  trans- 
mitting steam  through  an  iron  tube  filled  with  iron  turnings,  placed 
across  a  furnace  and  heated  red-hot  (fig.  96). 

Fig.  96. 
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The  vapour  is  obtained  by  boiling  water  in  the  small  retort  a,  and 
the  gas  produced  by  its  decomposition  collected  in  the  usual  manner 
at  the  pneumatic  trough.  But  it  is  necesssry  to  have  a  flask  h  be- 
tween the  iron  tube  and  the  trough,  to  prevent  an  accident  from  the 
water  of  the  trough  finding  access  to  the  red  hot  tube,  in  the  event 
of  condensation  of  the  vapour  in  a. 

Some  other  compounds  of  hydrogen  are  decomposed  more  easily 
than  water,  by  iron  and  zinc.  The  chloride  of  hydrogen  or  hydro- 
chloric acid  is  decomposed  by  these  metals,  and  evolves  hydrogen  at 
the  ordinary  temperature  of  the  air.  But  this  gas  is  more  generally 
obtained  by  putting  pieces  of  zinc  or  iron  into  oil  of  vitriol  or  the 
concentrated  sulphuric  acid,  diluted  with  six  or  eight  times  its  bulk 
of  water.  The  hydrogen  is  then  derived  from  the  decomposition  of 
the  proportion  of  water  intimately  united  with  the  acid,  as  illustrated 
in  the  following  diagram,  zinc  being  used,  and  the  quantities  ex- 
pressed : — 

Before  decomposition.  After  decomposition. 

49  oil  of  vitriol,  or  [Hydrogen.    .     1     1       Hydrogen. 

sulphate    of  \  Oxygen     .     .     8      . 
water    .   .  .  [  Sulphuric  acid  40      .^^\ 
82.52  zinc  ...  .    Zinc    .   •    .    .  32.52_I:^80.52  Sulphate  of 

oxide  of  zinc. 

81.52  81.52  81.52 

Or  by  symbols : — 

H  0  +  S  O3  and  Zn  =  Zn  0  +  S  O3,  and  H. 

The  zinc  dissolves  in  the  acid  with  effervescence,  from  the  escape  of 
hydrogen  gas.  It  T\nU  be  observed  that  the  products  after  decompo- 
sition, mentioned  in  the  last  column,  hydrogen  and  sulphate  of  oxide 
of  zinc,  are  similar  to  those  before  decomposition,  in  the  first  column, 
zinc  and  sulphate  of  water ;  and  that  the  change  occurring  is  simply 
the  substitution  of  zinc  for  hydrogen  in  the  sulphate  of  water.  The 
large  quantity  of  water  used  with  the  acid  is  useful  to  dissolve  the 
sulphate  of  zinc  formed. 

Zinc  is  generally  preferred  to  iron,  in  the  preparation  of  hydrogen, 
and  is  previously  granulated,  by  being  fused  in  a  stone-ware  crucible, 
and  poured  into  water ;  if  sheet  zinc  be  used,  which  is  better,  it  is  cut 
into  small  pieces.  The  common  glass  retort  may  be  used  in  the  experi- 
ment, or  a  gas-bottle,  such  as  the  half-pound  phial  (fig.  97),  with  a  cork 
having  two  perforations  fitted  with  glass  tubes,  one  of  which  descends 
to  the  bottom  of  the  bottle,  and  is  terminated  externally  by  a  funnel 
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Fig.  97.  for    introducing   the  acid,  whilst  the 

other  is  the  exit  tube,  by  which  the  hy- 
drogen escapes.  With  an  ounce  or  two 
of  zinc  in  it,  the  bottle  is  two.thirds 
filled  with  water,  and  the  undiluted 
acid  added  from  time  to  time  by  the 
funnel,  so  as  to  sustain  a  continued 
effervescence.  No  gas  escapes  by  the 
funnel  tube,  as  its  extremity  within  the 

\  bottle  is  always  covered  by  the  fluid. 
To  produce  large  quantities,  a  half- 
gallon  stone- ware  jar  may  be  mounted 
as  a  gas  bottle,  with  a  flexible  metallic 
pipe  fitted  to  the  cork  as  the  exit  tube.  This  gas  may  be  collected, 
like  oxygen,  either  in  jars  over  the  pneumatic  trough,  or  in  the  gas^ 
holder.  The  first  jar  or  two  filled  will  contain  the  air  of  the  gas- 
bottle,  and  therefore  must  not  be  considered  as  pure  hydrogen.  One 
ounce  of  zinc  is  found  to  cause  the  evolution  of  615  cijbic  inches  of 
hydrogen  gas. 

Properties. — Hydrogen  gas  thus  prepared  is  not  absolutely  pure, 
but  contains  traces  of  sulphuretted  hydrogen  and  carbonic  acid, 
which  may  be  removed  by  agitating  the  gas  with  lime-water  or  caus- 
tic alkali.  It  has  also  a  particular  odour,  which  is  not  essential  to 
hydrogen,  as  the  gas  evolved  from  the  amalgam  of  sodium,  acted  on 
by  pure  water  without  acid,  is  perfectly  inodorous,  An  oily  com- 
pound of  carbon  and  hydrogen,  which  appears  to  be  the  cause  of  this 
odour,  may  be  separated  in  a  sensible  quantity  from  the  gas  prepared 
by  iron,  by  transmitting  it  through  alcohol.  Of  the  pure  gas,  water 
does  not  dissolve  more  than  \\  per  cent,  of  its  bulk.  Hydrogen  h^g 
never  been  liquefied  by  cold  or  pressure. 

Hydrogen  is  the  lightest  substance  in  nature,  being  sixteen  times 
lighter  than  oxygen,  and  14.4  times  lighter  than  air;  100  cubic  inches 
of  it  weigh  only  2.14  grains.  Soap-bubbles  blown  with  this  gas 
ascend  in  the  atmosphere ;  and  it  is  used,  as  is  well  known,  to  inflate 
balloons,  which  begin  to  rise  when  the  weight  of  the  stuff  of  which 
they  are  made  and  the  hydrogen  together,  are  less  than  the  weight 
of  an  equal  bulk  of  air.  A  light  bag  is  prepared  for  making  this 
experiment  in  the  chamber,  by  distending  the  lining  membrane  of 
the  crop  of  the  turkey,  wliich  may  weigh  35  or  36  grains,  and  when 
filled  with  hydrogen,  about  5  grains  more,  or  41  grains ;  the  same 
bulk  of  air,  however,  would  weigh  50  or  51  grains;  so  that  the  little  , 
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balloon  when  filled  with  hydrogen  has  a  buoyant  power  of  9  or  10 
grains.  Larger  bags  are  prepared  for  the  same  purpose,  of  gold- 
beaters' skin.  Sounds  produced  in  this  gas  were  found  by  Leslie  to 
be  extremely  feeble;  much  more  feeble_,  indeed,  than  its  rarity  compared 
with  air  could  account  for.  Hydrogen  may  be  taken  into  the 
lungs  without  inconvenience,  when  mixed  with  a  large  quantity 
of  air,  being  in  no  way  deleterious ;  but  it  does  not,  like  oxygen, 
support  respiration,  and  therefore  an  animal  placed  in  pure  hydro- 
gen soon  dies  of  suffocation.  A  lighted  taper  is  extinguished  in 
the  same  gas. 

Hydrogen  is  eminently  combustible,  and  burns  when  kindled  in 
the  air  with  a  yellow  flame  of  little  intensity,  which  moistens  a  dry 
glass  jar  held  over  it ;  the  gas  combining  with  the  oxygen  of  the  air 
in  burning,  and  producing  water.  If  before  being  kindled  the  gas 
is  first  mixed  with  enough  of  air  to  burn  it  completely,  or  with  be- 
tween two  and  three  times  its  volume,  and  then  kindled,  the  combus- 
tion of  the  whole  hydrogen  is  instantaneous  and  attended  with  explo- 
sion. With  pure  oxygen,  instead  of  air,  the  explosion  is  much  more 
violent,  particularly  when  the  gases  are  mixed  in  the  proportions  of 
two  volumes  of  hydrogen  to  one  of  oxygen,  which  are  the  proper 
quantities  for  combination.  Tlie  combustion  is  not  thus  propagated 
through  a  mixture  of  these  gases,  when  either  of  them  is  in  great 
excess.  The  sound  in  such  detonations  is  occa- 
sioned by  the  concussion  which  the  atmosphere 
receives  from  the  sudden  dilatation  of  gaseous  mat- 
ter, in  tliis  case  of  steam,  which  is  prodigiously  ex- 
panded from  the  heat  evolved  in  its  formation. 

A  musical  note  may  be  produced  by  means  of 
these  detonations,  when  they  are  made  to  succeed 
each  other  very  rapidly.  If  hydrogen  be  generated 
in  a  gas  bottle  (fig.  98),  and  kindled  as  it  escapes 
from  an  upright  glass  jet  having  a  small  aperture, 
the  gas  will  be  found  to  burn  tranquilly;  but  on 
holding  an  open  glass  tube  of  about  two  feet  in 
length  over  the  jet,  like  a  chimney,  the  flame  will 
be  elongated  and  become  flickering.  A  succession  of  Httle  detona- 
tions is  produced,  from  the  gas  being  carried  up  and  mixing  with 
the  air  of  the  tube,  which  follow  each  other  so  quickly  as  to  produce 
a  continuous  sound  or  musical  note. 

Several  circumstances  affect  the  combination  of  hydrogen  with 
oxygen,  which  are  important.     These  gases  may  be  mixed  together  in 
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a  glass  vessel,  and  preserved  for  any  length  of  time  without  combin- 
ing. But  combination  is  instantly  determined  by  flame,  by  passing 
the  electric  spark  through  the  mixture,  or  even  by  introducing  into 
it  a  glass  rod,  not  more  than  just  visibly  red-hot.  Hydrogen,  indeed, 
is  one  of  the  more  easily  inflammable  gases.  If  the  mixed  gases  be 
heated  in  a  vessel  containing  a  quantity  of  pulverized  glass,  or  any 
sharp  powder,  they  begin  to  unite  in  contact  with  the  foreign  body 
in  a  gradual  manner  without  explosion,  at  a  temperature  not  exceed- 
ing 660°.  The  presence  of  metals  disposes  them  to  unite  at  a  still 
lower  temperature ;  and  of  the  metals,  those  which  have  no  disposi- 
tion of  themselves  to  oxidate,  such  as  gold  and  platinum,  occasion 
this  slow  combustion  at  the  lowest  temperature.  In  1824,  Dobe- 
reiner  made  the  remarkable  discovery  that  newly  prepared  spongy 
platinum  has  an  action  upon  hydrogen  mixed  with  oxygen,  indepen- 
dently of  its  temperature,  and  quickly  becomes  red-hot  when  a  jet  of 
hydrogen  is  thrown  upon  it  in  air,  combination  of  the  gases  being 
effected  by  their  contact  with  the  metal.  In  consequence  of  this 
ignition  of  the  platinum  the  hydrogen  itself  is  soon  inflamed,  as  it 
issues  from  the  jet.  An  instrument  depending  upon  this  action  of 
platinum  has  been  constructed  for  producing  an  instantaneous  light. 
Afterwards,  Mr.  Paraday  observed,  that  the  divided  state  of  the 
platinum,  although  favourable,  is  not  essential  to  this  action;  and 
that  a  plate  of  that  metal,  if  its  surface  be  scrupulously  clean,  will 
cause  a  combination  of  the  gases,  accompanied  with  the  same  pheno- 
mena as  the  spongy  platinum.  This  action  of  platinum  is  manifested 
at  temperatures  considerably  below  the  freezing  point  of  water,  and  in 
an  explosive  mixture  largely  diluted  with  air  or  hydrogen.  Spongy 
platinum,  made  into  pellets  with  a  little  pipe-clay,  and  dried,  when 
introduced  into  mixtures  of  oxygen  and  hydrogen  will  be  found  to 
cause  a  gradual  and  silent  combination  of  the  gases,  in  whatever 
proportions  they  are  mingled,  which  will  not  cease  till  one  of  them  is 
completely  exhausted.  The  theory  of  this  effect  of  platinum  is  very 
obscure.  It  belongs  to  a  class  of  actions  depending  upon  surface,  not 
confined  to  that  metal,  and  by  which  other  combustible  vaporous 
bodies  are  affected  besides  hydrogen. 

The  flame  of  hydrogen,  although  so  slightly  luminous,  is  intensely 
hot ;  few  combinations  producing  so  high  a  temperature  as  the  com- 
bustion of  hydrogen.  In  the  oxi-hydrogen  blow-pipe,  oxygen  and 
hydrogen  gases  are  brought  by  tubes  o  and  k  (fig.  99,  p.  310),  from 
different  gas-holders,  and  allowed  to  mix  immediately  before  they 
escape  by  the  same  orifice,  at  which  they  are  inflamed.   This  is  most 
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Fig.  99. 


safely  effected  by  fixing  a 
jet  for  the  oxygen  within 
the  jet  of  hydrogen  (fig. 
100),  so  that  the  oxygen 
is  introduced  into  the 
middle  of  the  flame  of 
hydrogen — £l  construction 
first  proposed  by  Mr. 
Maugham,  and  adapted 
to  the  use  of  coal-gas 
instead  of  hydrogen  by 
Mr.  Daniell.^  Each  of 
the  gases  may  be  more 
Conveniently  contained  in 
a  separate  air-tight  bag  of 


Fig.  100. 


Fig.  101. 


Macintosh  clo>th  capable  of  holding  from  4  to  6  cubic  feet  of  gas, 
and  provided  with  press-boards.  These  require  to  be  loaded  with 
two  or  thrfife  561bs.,  when  in  use,  to  send  out  the  gas  with  suffi- 
cient pressure.  At  tliis 
flame  the  most  refrac- 
tory substances,  such 
^s  pipe-clay,  silica  and 
fllatinum,are  fused  with 
facihty,  and  the  latter 
even  dissipated  in  the 
^tate  of  vapour.  The 
flaniC  itself,  owing  to 
the  absence  of  solid  matter,  is  scarcely  luminous,  but  any  of  the 
less  fusible  earths,  upon  which  it  is  tlirown,—  a  mass  of  quick-lime, 
for  instance  («>  fig.  99), — is  heated  most  intensely,  and  diffuses  a 
light,    wliich,  for   whiteness  and  brilliancy,   may   be  compared   to 
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that  of  the  sun.  With  the  requisite  supply  of  the  gases, 
this  light  may  be  sustained  for  hours,  care  being  taken  to 
move  the  mass  of  lime  slowly  before  the  flame,  so  that  the  same 
surface  may  not  be  long  acted  upon;  for  the  high  irradiating 
power  of  the  line  is  soon  impaired,  it  is  supposed  from  a  slight 
agglutination  of  its  particles  occasioned  by  the  heat.  This  light, 
placed  in  the  focus  of  a  parabolic  reflector,  was  found  to  be 
visible,  in  the  direction  in  which  it  was  thrown,  at  a  distance  of 
69  miles,  in  one  experiment  made  by  Mr.  Drummond,  when  using  it 
as  a  signal  light.  The  heating  efi*ects  are  even  more  intense  when 
the  gases  are  forced  into  a  common  receptacle,  and  allowed  to  escape 
from  under  pressure,  but  there  is  the  greatest  risk  of  the  flame  pass- 
ing back  through  the  exit  tube  and  exploding  the  mixed  gases ;  an 
accident  which  would  expose  the  operator  to  the  greatest  danger. 
Mr.  Hemming^s  apparatus,  however,  may  be  used  without  the  least 
apprehension.  A  common  bladder  is  used  to  hold  the  mixture,  and 
the  gas  before  reaching  the  jet,  at  which  it  is  burned,  is  made  to  pass 
through  his  safety  tube.  This  consists  of  a  brass  cylinder  about  six 
inches  long  and  Jths  of  an  inch  wide,  filled  with  fine  brass  wire 
of  the  same  length,  which  is  tightly  wedged  by  forcibly  inserting  a 
pointed  rod  of  metal  into  the  centre  of  the  bundle.  The  conducting 
power  of  the  metallic  channels  through  which  the  gas  has  then  to 
pass  is  so  great  as  completely  to  intercept  the  passage  of  flame.  A 
similar  safety  tube  of  smaller  size  is  interposed  at  b,  in  fig.  99,  of  the 
first  arrangement. 

Hydrogen  is  capable  of  forming  two  compounds  with  oxygen, 
namely  water,  which  is  the  protoxide,  and  the  binoxide  of  hydrogen. 

The  most  important  of  the  present  applications  of  hydrogen  gas  is 
in  the  oxi-hydrogen  blow-pipe.  It  has  been  superseded,  as  a  material 
for  inflating  balloons,  by  coal  gas,  the  balloon  being  proportionally 
enlarged  to  compensate  for  the  less  buoyancy  of  the  latter  gas. 


PROTOXIDE  Oi"  HYDROGEN. WATER. 

Equivalent  9,  or  112.5  on  the  oxygen  scale ;  formula  H  +  O, 
or  HO;  density  1  ;  as  steam  Q22^  fair  1000);  combining 
measure  of  steam    \    \    |. 

Mr.  Cavendish  first  demonstrated,  in   1781,  that  the  product  of 
the  combustion  of  hydrogen  and  oxygen   is  water.      He   burned 
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known  quantities  of  these  gases  in  a  dry  glass  vessel,  and  found  that 
water  was  formed  in  quantity  exactly  equal  to  the  weights  of  the 
gases  which  disappeared.  It  was  afterwards  established  by  Humboldt 
and  Gay-Lussac,  that  the  gases  unite  rigorously  in  the  proportion  of 
two  volumes  of  hydrogen  to  one  volume  of  oxygen,  and  that  the 
water  produced  by  their  union  occupies,  while  it  remains  in  the  state 
of  vapour,  exactly  two  volumes  (page  143).  The  proportion  of  the 
constituents  of  water  by  weight  was  determined  with  great  care  by 
Berzelius  and  Dulong.  Their  method  was  to  transmit  dry  hydrogen 
gas  over  a  known  weight  of  the  black  oxide  of  copper,  contained  in 
a  glass  tube,  and  heated  to  redness  by  a  lamp.  The  gas  was  after- 
wards conveyed  through  another  weighed  tube  containing  the  hygro- 
metric  salt,  chloride  of  calcium.  The  hydrogen  gas  in  passing  over 
the  oxide  of  copper,  combines  with  its  oxygen  and  forms  water, 
which  is  carried  forward  by  the  excess  of  hydrogen  gas,  and  absorbed 
in  the  chloride  of  calcium  tube.  The  weight  of  this  water  being  as- 
certained, the  proportion  of  oxygen  it  contains  is  determined  by 
ascertaining  the  loss  which  the  oxide  of  copper  has  sustained  :  the 
difference  is  the  hydrogen. 

The  apparatus  for  such  an  experiment  is  illustrated  in  the  following 
diagram  (fig.  102).  The  oxide  of  copper  to  be  reduced  is  contained 
in  r,  a  small  flask  of  hard  glass,  having  two  openings,  and  heated 
by  a  spirit  lamp.  This  flask  communicates  with  another,  G,  in- 
tended to  receive  the  greater  part  of  the  water  produced  in  the  experi- 
ment, which  is  followed  by  a  bent  tube  H,  containing  fragments  of 
pumice  soaked  in  oil  of  vitriol^  intended  to  receive  the  last  portions. 
The  hydrogen  gas  for  this  purpose  must  be  very  pure,  and  thoroughly 
dry.  It  is  evolved  slowly  from  a  gas-bottle  A,  and  passes  through  a 
second  bottle  B,  and  the  bent  tube  C,  both  containing  a  concentrated 
solution  of  caustic  potash ,  and  afterwards  the  bent  tube  D,  contain* 
ing  a  solution  of  chloride  of  mercury  in  pumice  :  and  lastly  through 
the  bent  tube  P,  containing  oil  of  vitriol  in  pumice,  proceeding  thence 
entirely  purified  into  F,  and  the  excess  of  hydrogen  gas  escaping  by/. 
Numerous  most  careful  experiments,  lately  executed  in  this  manner 
by  M.  Dumas,  prove  that  water  consists  exactly  by  weight  of— 

Oxygen       .         ,         .     88-91         .         .     8 
Hydrogen   .         .         .     11*09         .         ,     1 


100-00  9 

The  oxygen  and  hydrogen  are  therefore  combined  exactly  in  the 
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proportion  of  8  to  1,  as  appears  by  the  proportions  of  the  last  column. 
This  experiment  serves  not  only  to  determine  rigorously  the  composi- 
tion of  water^  but  it  ojffers  also  the  best  method  of  ascertaining  the 
composition  of  such  metallic  oxides  as  are  de-oxidized  by  hydrogen. 
Properties » — "When  cooled  down  to  32°,  water  freezes,  if  in  a  state 
of  agitation,  but  may  retain  the  liquid  condition  at  a  lower  tempera- 
ture, if  at  rest  (page  42) ;  the  ice,  however,  into  which  it  is  con- 
verted cannot  be  heated  above  32°  without  melting.  Ice  is  hghter 
than  water,  its  specific  gravity  being  0.916;  and  one  of  the 
forms  (fig.  103)  of  its  crystal  is  a  rhomboid,  very  nearly  resembling 
Iceland  spar. 

Fig.  103. 


Water  is  elastic  and  compressible,  yielding,  according  to  Oersted, 
53  miUionths  of  its  bulk  to  the  pressure  of  the  atmosphere,  and, 
like  air,  in  proportion  to  the  compressing  force  for  different  pres- 
sures. The  peculiarities  of  its  expansion  by  heat,  while  hquid,  have 
already  been  fully  described  (page  9).  Under  a  barometric  pressure 
of  30  inches,  it  boils  at  212°,  but  evaporates  at  all  inferior  tempera- 
tures. Its  boiling  point  is  elevated  by  the  solution  of  salts  in  it, 
and  the  temperature  of  the  steam  from  these  solutions  is  not  con- 
stantly  212°,  as  has  been  alleged,  but  that  of  the  last  strata  of  liquid 
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through  which  the  steam  has  passed.  When  mixed  with  air,  the 
vapour  of  water  has  a  tendency  to  condense,  ii  is  said  in  vesicles, 
which  inclose  air ;  forming  in  this  condition  the  masses  of  clouds, 
which  remain  suspended  in  the  atmosphere  from  the  lightness  of  the 
vesicles,  the  substance  of  mists  and  fogs,  and  "  vapour'^  generally, 
in  its  popular  meaning.  The  vesicles  may  be  observed  by  a  lens  of 
an  inch  focal  length,  over  the  dark  surface  of  hot  tea  or  coffee,  mixed 
with  an  occasional  solid  drop  which  contrasts  with  them.  Accordiug 
to  the  experiments  of  Saussure,  made  upon  the  mists  of  high  moun- 
tains, these  vesicles  generally  vary  in  size  from  the  l-4500th  to  the 
1-27 80th  of  an  inch,  but  are  occasionally  observed  as  large  as  a  pea. 
They  are  generally  condensed  by  their  collision  into  solid  drops,  and 
fall  as  rain ;  but  their  precipitation  in  that  form  is  much  retarded  in 
some  conditions  of  the  atmosphere.  It  is  proper  to  add,  however, 
that  Prof.  J.  Forbes  and  several  other  eminent  meteorologists  dis- 
believe entirely  the  existence  of  vesicular  vapour. 
-  It  was  lately  discovered  by  Mr.  Grove  that  the  vapour  of  water  is 
decomposed  to  a  small  but  sensible  extent  by  an  exceedingly  high 
temperature,  and  resolved  into  its  constituent  gases*  If  a  small  ball 
of  platinum,  of  the  size  of  a  large  pea,  with  a  wire  attached  to  it^ 
be  heated  in  the  flame  of  the  oxi-hydrogen  blow-pipe  to  bright 
whiteness,  and  till  it  begins  to  show  symptoms  of  fusion,  and  then 
plunged  into  hot  water,  minute  bubbles  of  gas  rise  with  the  steam, 
which  consist  of  a  mixture  of  oxygen  and  hydrogen.  Only  a  small 
portion  of  the  steam,  not  amounting  to  even  one-thousandth  part  of 
the  whole  produced  (it  is  supposed),  suffers  decomposition.  The 
occurrence  of  a  decomposition  in  such  circumstances,  which  is  un- 
questionable, appears  singular,  seeing  that  oxygen  and  hydrogen 
certainly  combine  at  the  same,  or  even  a  higher,  temperature  in  the 
flame  of  the  blow-pipe,  which  is  employed  to  heat  the  platinum  ball. 
The  combustion  in  the  blow-pipe  may,  indeed,  be  incomplete,  but 
this  is  unlikely,  for  I  find  that  when  the  mixed  gases  are  exploded 
in  a  glass  tube,  the  combustion  is  so  complete  that  certainly  not  one 
part  in  four  thousand,  if  any  portion  whatever,  escapes  combustion. 
It  is  a  question  whether  the  decomposition  of  the  steam  by  ignited 
J)latinum  is  not  an  exliibition  of  the  deoxidizing  action  of  light  rather 
than  the  effect  of  heat ;  the  blow-pipe  flame  itself  being  scarcely 
visible,  wliile  the  decomposing  platinum,  although  necessarily  of  a 
lower  temperature,  is  higlily  incandescent. 

.    A   cubic  inch  of  water  at  62°,  Bar.   30  inches,  weighs  in  air 
252.458  grains.     The  imperial  gallon  has  been  defined  to  contain 
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10  pounds  avoirdupois  (70,000  grains)  of  distilled  water  at  that 
temperature  and  pressure.  Its  capacity  is  therefore  277.19  cubic 
inches.  The  specific  gravity  of  water  at  60°  is  1,  being  the  unit  to 
which  the  densities  of  all  other  liquids  and  solids  are  conveniently 
referred;  it  is  815  times  heavier  than  air  at  that  temperature. 

In  its  chemical  relations  water  is  eminently  a  neutral  body.  Its 
range  of  affinity  is  exceedingly  extensive,  water  forming  definite  com- 
pounds, to  all  of  which  the  name  hydrate  is  applied,  with  both 
acids  and  alkalies,  with  a  large  proportion  of  the  salts^  and  indeed 
with  most  bodies  containing  oxygen.  It  is  also  the  most  general  of 
all  solvents.  Gay-Lussac  has  observed  that  the  solution  of  a  salt  is 
uniformly  attended  with  the  production  of  cold,  whether  the  salt  be 
anhydrous  or  hydrated,  and  tliat,  on  the  contrary,  the  formation  of  a 
definite  hydrate  is  always  attended  with  heat :  a  circumstance  which 
indicates  an  essential  difference  between  solution  and  chemical  com- 
bination.^ Even  the  dilution  of  strong  solutions  of  some  salts,  such 
as  those  of  anmionia,  occasions  a  fall  of  temperature.  The  solvent 
power  of  water  for  most  bodies  increases  with  its  temperature.  Thus 
at  57°  water  dissolves  one-fourth  of  its  weight  of  nitre,  at  9'^°  one- 
half,  at  131°  an  equal  weight,  and  at  21i°  twice  its  weight  of  that 
salt.  Solutions  of  5uch  salts,  saturated  at  a  high  temperature, 
deposit  crystals  on  cooling.  But  the  crystallization  of  some  saturated 
solutions  is  often  suspended  for  a  time,  in  a  remarkable  manner,  and 
afterwards  determined  by  slight  causes.  Thus,  if  tWo  pounds  of  crystal- 
lized sulphate  of  soda  be  dissolved  in  one  pound  of  water,  with  the 
assistance  of  heat,  and  the  solution  be  filtered  while  hot  through 
paper,  to  remove  foreign  solid  particles,  and  then  set  aside  in  a  glass 
matrass,  with  a  few  drops  of  oil  on  its  surface,  it  may  become  per- 
fectly cold  without  crystallization  occurring.  Yiolent  agitation  even 
may  not  cause  it  to  crystallize.  But  when  any  solid  body,  such  as 
the  point  of  a  glass  rod,  or  a  grain  of  salt,  is  introduced  into  the 
solution,  crystals  immediately  begin  to  form  about  the  solid  nucleus^ 
and  shoot  out  in  all  directions  through  the  liquid.  The  solubility  of 
many  salts  of  soda  and  Hme  does  not  increase  with  the  temperature^ 
like  that  of  other  salts. 

Water  is  also  capable  of  dissolving  a  certain  quantity  of  air  and 
other  gases,  which  may  again  be  expelled  from  it  by  boiling  the 
water,  or  by  placing  it  in  vacuo.  Rain-water  generally  affords 
2|-  per  cent,  of  its  bulk  of  air,  in  which  the  proportion  of  oxygen 

*  Ann.  de  Ch.  et  de  Phys.  t.  Ixx.  p.  407.     See  also  page  218  of  this  work. 
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gas  is  so  liigli  as  32  per  cent.,  and  in  water  from  freshly  melted  snow 
34.8  per  cent.,  according  to  the  observations  of  Gay-Lussac  and 
Humboldt,  while  the  oxygen  in  atmospheric  air  does  not  exceed 
21  per  cent.  Boussingault  finds  that  the  quantity  of  air  retained  by 
water,  at  an  altitude  of  6  or  8000  feet,  is  reduced  to  one-third  of  its 
usual  proportion.  Hence  it  is  that  fishes  cannot  live  in  Alpine 
lakes,  the  air  contained  in  the  water  not  being  in  adequate  quan- 
tity for  their  respiration.  The  following  table  exhibits  the  absorba- 
bility of  different  gases  by  water  deprived  of  all  its  air  by  ebul- 
lition : — 

100  cubic  inches  of  water  at  60°  and  30  Bar.,  absorb  of 


Dalton  and  Henry.          Saussure. 

Hydrosulphuric 

acid 

100  C.  I 

.     253 

Carbonic  acid 

100 

.     106 

Nitrous  oxide 

100 

.       76 

Olefiant  gas   . 

12.5 

.       16.3 

Oxygen 

3.7 

.       6.5 

Carbonic  oxide 

1.56 

.       6.2 

Nitrogen        ♦ 

1.56 

.       4.1 

Hydrogen      ♦ 

1.56 

.       4.6 

The  results  of  Saussure  are  probably  nearest  the  truth  for  hydro- 
sulphuric  acid  and  nitrous  oxide,  but  for  the  other  gases  those  of 
Dalton  and  Henry  are  most  to  be  depended  on. 

Uses, — Eain  received  after  it  has  continued  to  fall  for  some  time 
may  be  taken  as  pure  water,  excepting  for  the  air  it  contains.  But 
after  once  touching  the  soil,  it  becomes  impregnated  with  various 
earthy  and  organic  matters,  from  which  it  can  only  be  completely 
purified  by  distillation.  A  copper  still  should  be  used  for  that  pur- 
pose, provided  with  a  copper  or  block  tin  worm,  which  is  not  used 
for  the  distillation  of  spirits,  as  traces  of  alcohol  remaining  in  the 
worm  and  becoming  acetic  acid,  cause  the  formation  of  acetate  of  cop- 
per, which  would  be  washed  out  and  contaminate  the  distilled  water. 
The  use  of  white  lead  cement  about  the  joinings  of  the  worm  is  also 
to  be  avoided,  as  the  oxide  of  lead  is  readily  dissolved  by  distilled 
water.  The  first  portions  of  the  distilled  should  be  rejected,  as 
they  often  contain  ammonia,  and  the  distillation  should  not  be  carried 
to  dryness. 

Water  employed  for  economical  purposes  is  generally  submitted  to 
a  more  simple  process,  that  of  filtration,  by  which  it  is  rendered  clear 
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and  transparent  by  the  removal  of  matter  mechanically  suspended  in 
it.  Such  foreign  matter  may  often  be  removed  in  a  considerable 
degree  by  subsidence,  on  which  account  it  is  desirable  that  the  water 
should  stand  at  rest  for  a  time,  before  being  filtered.  The  filtration 
of  liquids  generally  is  effected,  on  the  small  scale,  by  allowing  them 
to  flow  through  unsized  or  filter  paper,  and  that  of  water,  on  the 
large  scale,  by  passing  it  through  beds  of  sand.  The  sand  preferred 
for  that  purpose  is  not  fine,  but  gravelly,  and  crushed  cinders  or  fur- 
nace clinkers  may  be  substituted  for  it.  Its  function,  as  that  also  of 
the  paper  in  the  chemist's  filter,  is  to  act  as  a  support  for  tlie  finer 
particles  of  mud  or  precipitate  which  are  first  deposited  on  its  sur- 
face, and  form  the  bed  that  really  filters  the  water.  When  the  mud 
accumulates  so  as  to  impede  the  action  of  the  sand  filter,  the  surface 
of  the  sand  is  scraped,  and  an  inch  or  two  of  it  removed. 

Fig.  104. 


Fig.  J  04  is  a  section  of  the  water-filter,  as  it  is  usually  constructed 
for  public  works  in  Lancashire.  An  excavation  of  about  six 
feet  in  depth,  and  of  sufficient  extent,  is  lined  to  a  considerable 
thickness  with  well  puddled  clay,  to  make  it  water-tight.  Upon 
the  clay  floor  is  laid  first  a  stratum  of  large  stones,  then  a  stratum 
of  smaller  stones,  and,  finally,  a  bed  of  coarse  sand  or  gravel,  L  L. 
To  allow  the  air  to  escape  from  the  lower  beds,  small  upright  tubes, 
open  at  both  ends,  B  and  C,  are  inserted  in  these  beds,  and  rising 
above  the  surface  of  the  water  W  W.  The  filtered  water  enters,  from 
the  lowest  bed,  into  a  large  open  iron  cylinder  A,  the  lower  part  of 
which  is  perforated  for  that  purpose.  The  filtered  water  stands  at 
the  same  height  in  the  gauge  tube  D  as  in  A ;  this  height  is  observed 
by  means  of  a  float  balanced  by  a  weight  which  traverses  a  scale  of 
feet  and  inches  at  D. 
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Upward  filtration  through  a  bed  of  sand  is  sometimes  practised^  but 
it  has  the  disadvantage  that  tlie  filter  cannot  be  cleaned  in  the  manner 
indicated.  Filtering  under  high  pressure,  and  with  great  rapidity,  has 
been  practised  in  a  very  compact  apparatus,  consisting  of  a  box,  not 
above  three  feet  square,  filled  with  sand.  Tliis  filter,  which  becomes 
speedily  choked  with  the  mud  it  detains,  is  cleansed  by  suddenly 
reversing  the  direction  in  which  the  water  is  passing  through  the 
box,  which  occasions  a  shock  that  has  the  effect  of  loosening  the 
sand,  and  allowing  the  water  to  bring  away  the  mud.  The  action  of 
such  a  filter,  erected  at  the  Hotel-Dieu  of  Paris,  was  favourably  re- 
ported on  by  M.  Arago"^. 

Matter  actually  dissolved  in  water  is  not  affected  by  filtration.  No 
repetition  of  the  process  would  withdraw  the  salt  from  sea- water  and 
make  it  fresh.  Hence  the  impregnation  of  peaty  matter,  which  river 
water  generally  contains,  and  to  the  greatest  extent  in  summer,  when 
the  water  is  concentrated  by  evaporation,  is  not  removed  by  filtering. 
Animal  charcoal  is  the  proper  substance  for  discolouring  liquids,  as 
it  withdraws  organic  colouring  matter,  even  when  in  a  state  of  so- 
lution. 

In  the  process  of  clarifying  liquors  by  dissolving  in  them  the  white 
of  egg  and  other  albuminous  fluids,  the  temperature  is  raised  so  as 
to  coagulate  the  albumen,  which  thus  forms  a  delicate  net-work 
throughout  the  liquid,  and  is  afterwards  tlnown  up  as  scum  in 
the  boiling,  carrying  all  the  foreign  matter  suspended  in  the  liquid 
along  with  it. 

Gelatine,  isinglass,  or  other  '^  finings,^'  added  to  wine  in  a  turbid 
state,  produce  a  precipitate  with  its  tannin,  which  carries  down  all 
Buspended  matter;  and  on  the  settling  of  this  precipitate,  or  its 
separation  by  filtering,  the  wine  is  found  transparent. 

The  most  usual  earthy  impurities  in  water,  occasioning  its  hard- 
ness, are  sulphate  of  lime,  and  the  carbonate  of  lime  dissolved  in 
carbonic  acid,  both  of  which  are  precipitated  on  boiling  the  water, 
and  occasion  an  earthy  incrustation  of  the  boiler. 

So  far  as  this  precipitation  is  due  to  carbonate  of  lime  it  may  be 
avoided  by  adding  hydrochlorate  of  ammonia  to  the  water,  by  which 
the  lime  is  converted  into  chloride  of  calcium  and  becomes  soluble. 
Water  containing  carbonate  of  lime  may  be  also  softened  by  the  ad- 
dition of  Kme-water,  as  recommended  by  Professor  Clark.  Thames 
water  requires  for  tins  purpose  the  addition  of  about  one-fourteenth 

*  Annaks  de  Chim.  et  de  Phys.  t.  Ixv.,  p,  428. 
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of  its  bulk  of  litne-water.     This  action  of  lime-water  will  be  ex- 
plained under  carbonic  acid. 

Wlien  waters  contain  iron,  tliey  are  termed  chalybeate :  this  metal 
is  most  frequently  in  the  state  of  carbonate  dissolved  in  carbonic 
acid,  and  rarely  in  a  proportion  exceeding  one  grain  in  a  pound  of 
water.  The  sulphurous  waters,  which  are  recognised  by  their  pe- 
culiar odour,  and  by  blackening  silver  and  salts  of  lead,  contain 
hydrosulphuric  acid  in  a  proportion  not  exceeding  the  usual 
proportion  of  air  in  spring  water,  and  generally  no  oxygen.  Saline 
waters  for  the  most  part  contain  various  salts  of  lime  and  magnesia, 
and  generally  common  salt.  Their  density  is  always  considerably 
Tiigher  than  that  of  pure  water.  Sea-water  contains  3J-  per  cent, 
of  saline  matter,  and  has  a  density  1.0274.  Its  -composition  is  in- 
teresting, as  the  sea  comes  to  be  the  grand  depository  of  aU  the 
soluble  matter  of  the  globe.  A  minute  analysis  of  the  water  of  the 
English  Channel,  executed  by  Mr.  Schweitzer,  is  subjoined  :— 

Sea-water  of  the  English  Channel.  Grains. 


Water 

Chloride  of  sodium 

potassium  . 

magnesium 

Bromide  of  magnesium 
Sulphate  of  magnesia    . 

lime  . 

Carbonate  of  lime 


964.74872 
27.05948 
0.76552 
3.66658 
0.02929 
2.29578 
1.40662 
0.03301 


1000,0000 
In  addition  to  those  constituents,  distinct  traces  of  iodine  and  of 
ammonia  were  detected."^  According  to  Professor  Torchammer,  the 
whole  quantity  of  saline  matter  in  water  from  different  parts  of  the 
Atlantic  varied  from  35.7  parts  (German  sea)  to  36.6  parts  (tropics) 
in  1000  parts  of  the  water.  The  relative  proportion  of  the  salts  in  the 
water  of  different  seas  varied  very  little.f 

BINOXIDE  OF  HYDROGEN, 

Equivalent,  17,  or  212.5  on  Oxygen  Scale)  formula  H4-20, 
or  HO2. 

The  second  compound  of  hydrogen  and  oxygen  is  a  liquid,  con-  „ 

*  Phil.  Mag,  3d  Series,  Vol.  xv.  page  58. 

t  Reports  of  the  British  Association,  1846,  page  90. 
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taining  twice  as  much  oxygen  as  water,  and  is  a  body  possessed  of 
very  extraordinary  properties.  It  was  discovered  by  Thenard,  in  1 81 8, 
who  prepared  it  by  a  long  and  intricate  process. 

Prejjaration.  — The  formation  of  the  binoxide  of  hydrogen  depends 
upon  the  existence  of  a  corresponding  binoxide  of  barium.  The 
latter  is  obtained  by  calcining  pure  nitrate  of  baryta  at  a  high  tem- 
perature in  a  porcelain  retort,  and  afterwards  exposing  the  earth 
baryta  or  protoxide  of  barium,  which  is  left,  in  a  porcelain  tube 
heated  to  redness,  to  a  stream  of  oxygen  gas,  which  the  protoxide 
rapidly  absorbs,  becoming  binoxide.  Treated  with  a  little  water  the 
binoxide  of  barium  slakes  and  falls  to  powder,  forming  a  hydrate,  of 
which  the  formula  is  Ba  Og  +  H  O.  Dilute  acids  have  a  peculiar 
action  upon  this  hydrate,  whicli  will  be  easily  understood,  if  the 
binoxide  of  barium  is  represented  as  the  protoxide  united  with  an 
additional  equivalent  of  oxygen,  or  as  Ba  0  +  0.  They  combine 
with  the  protoxide  of  barium,  forming  salts  of  baryta,  and  the  second 
equivalent  of  oxygen,  instead  of  being  liberated  in  consequence, 
unites  with  the  water  of  the  hydrate,  the  HO  of  the  preceding 
formula  giving  rise  to  HO  -f  0  or  the  binoxide  of  hydrogen,  wliich 
dissolves  in  the  water.  Although  it  would  be  inconvenient  to  aban- 
don the  systematic  name  binoxide  of  hydrogen  for  this  compound, 
still  it  must  be  allowed  that  the  properties  of  the  body,  as  well  as  its 
mode  of  preparation,  are  more  favourable  to  the  idea  of  its  being  a 
combination  of  water  with  oxygen,  or  oxygenated  water y  as  it  was 
first  named  by  its  discoverer,  than  a  direct  combination  of  its  ele- 
ments. It  is  recommended  by  Thenard  to  dissolve  the  binoxide  of 
barium  in  hydrochloric  acid  considerably  diluted  with  water,  and  to 
.  remove  the  baryta  by  sulphuric  acid,  which  forms  an  insoluble  sul- 
phate of  baryta.  The  hydrochloric  acid,  again  free  in  the  liquor,  is 
saturated  a  second  time  with. binoxide  of  barium,  and  precipitated; 
and  after  several  repetitions  of  these  two  operations,  the  hydrochloric 
acid  itseK  is  removed  by  the  cautious  addition  of  sulphate  of  silver, 
and  the  sulphuric  acid  of  the  last  salt  by  solid  baryta.  Such  is  an  out- 
line of  the  process,  but  its  success  requires  attention  to  a  number 
of  minute  precautions,  which  are  fully  detailed  in  the  Traite  de 
Chemie  of  the  author  quoted"*^.  The  weak  solution  of  binoxide  of 
hydrogen,  which  this  process  affords,  may  be  concentrated  by  placing 
it  with  a  vessel  of  strong  sulphuric  acid  under  the  receiver  of  an 
air-pump,  until  the  solution  attains  a  density  of  1.452,  when  the 

*  Vol.  i.  page  479  of  the  6th  edition. 
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binoxifle  itself  begins  to  rise  in  vapour  without  cliange.     It  then 
contains  475  times  its  volume  of  oxygen. 

M.  Pelouze  abridges  this  process  considerably  by  employing  hydro- 
fluoric acid  or  fluosilicic  acid,  in  place  of  hydrochloric  acid,  to  de- 
compose the  binoxide  of  barium.  By  this  operation,  the  baryta 
separates  at  once  with  the  acid^  in  the  state  of  the  insoluble  fluoride 
of  barium,  and  nothing  remains  in  solution  but  the  binoxide  of 
hydrogen.  After  thus  decomposing  several  portions  of  binoxide  of 
barium  successively  in  the  same  liquor,  the  fluoride  of  barium  may 
be  separated  by  filtration,  and  the  binoxide  of  hydrogen,  which  is 
still  dilute,  be  concentrated  by  means  of  the  air-pump. 

Properties. — Binoxide  of  hydrogen  is  a  colourless  liquid  resem- 
bling water,  but  less  volatile,  having  a  metaUic  taste,  and  instantly 
bleaching  litmus  and  other  organic  colouring  matters.  It  is  decom- 
posed with  extreme  facility,  eff'ervescing  from  escape  of  oxygen  at  a 
temperature  of  59°,  and  when  suddenly  exposed  to  a  greater  heat, 
such  as  212°,  actually  exploding  from  the  rapid  evolution  of  that 
gas.  It  is  rendered  more  permanent  by  dilution  with  water,  and 
stiU  more  so  by  the  addition  of  the  stronger  acids,  while  alkalies 
have  the  opposite  effect. 

The  circumstances  attending  the  decomposition  of  this  body  are 
the  most  curious  facts  in  its  history.  Many  pure  metals  and  metallic 
pxides  occasion  its  instantaneous  resolution  into  water  and  oxygen 
gas,  by  simple  contact,  without  undergoing  any  change  themselves, 
affording  a  striking  illustration  of  catalysis  (page  233)  j  and  this 
decomposition  may  excite  an  intense  temperature,  the  glass  tube  in 
which  the  experiment  is  made  sometimes  becoming  red  hot.  Some 
protoxides  absorb  at  the  same  time  a  portion  of  the  oxygen  evolved, 
and  are  raised  to  a  higher  degree  of  oxidation,  but  most  of  them  do 
not ;  and  certain  oxides,  such  as  the  oxides  of  silver  and  gold,  are 
reduced  to  the  metallic  state,  their  own  oxygen  going  off'  along  with 
that  of  the  binoxide  of  hydrogen.  The  decomposition  of  these 
metallic  oxides  cannot  be  ascribed  to  the  h(3at  evolved,  for  oxide  of 
silver  is  reduced  in  a  very  dilute  solution  of  the  binoxide  of  hydro- 
gen, although  the  decomposition  is  not  then  attended  with  a  sensible 
elevation  of  temperature.  The  metallic  oxides  which  are  decomposed  in 
this  remarkable  manner  are  originally  formed  by  the  decomposition  of 
other  compounds,  and  not  by  the  direct  union  of  their  elements, 
which,  in  fact,  exhibit  little  affinity  for  each  other.  In  this  general 
character  they  agree  with  binoxide  of  hydrogen  itself. 

Uses, — The  binoxide  of  hydrogen  is  a  substance  which  it  is  ex- 
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ceedingly  desirable  to  possess,  with  the  view  of  employing  it  in  bleach- 
ing, and  for  other  purposes,  as  a  powerful  oxidating  agent.  But 
the  expense  and  uncertainty  of  the  process  for  preparing  this  com- 
pound have  hitherto  prevented  any  application  of  it  in  the  arts,  or 
even  its  occasional  use  as  a  chemical  re-agent. 


SECTION    III. 


NITROGEN. 

Synoymej  azote.     Equiv.  14,  or  175   (0  =  100);  symbol  N; 
density  971.37  ;  comhining  measure 


Dr.  Eutherford,  of  Edinburgh,  examined  the  air  which  remains 
after  the  respiration  of  an  animal,  and  found  that  after  being  washed 
with  lime-water,  which  removes  carbonic  acid,  it  was  incapable  of 
supporting  either  combustion  or  respiration.  He  concluded  that  it 
was  a  peculiar  gas.  Lavoisier  afterwards  discovered  that  this  gas 
exists  in  the  air  of  the  atmosphere,  forming  indeed  4-5ths  of  that 
mixture,  and  gave  it  the  name  azote,  (from  a,  privative,  and  ^wi;  life), 
from  its  inability  to  support  respiration.  It  was  afterwards  named 
nitrogen  by  Chaptal,  because  it  is  an  element  of  nitric  acid.  Beside? 
existing  in  air,  nitrogen  forms  a  constituent  of  most  animal  and  of 
many  vegetable  substances.  In  a  natural  arrangement  of  the  ele- 
ments, nitrogen  appears  to  have  its  place  between  oxygen  and 
phosphorus  (page  173). 

preparation, — Nitrogen  is  generally  procured  by  allowing  a  com- 
bustible body  to  combine  with  the  oxygen  of  a  certain  quantity  of 
air  confined  in  a  vessel.  Eor  that  purpose  a  Httle  metallic  or  porce- 
lain cup  may  be  floated,  by  means  of  a  cork,  on  the  surface  of  the 
water-trough.  A  few  drops  of  alcohol  are  then  introduced  into  the 
cup,  or  a  small  piece  of  phosphorus  is  placed  in  it,  and  being  kindled, 
a  tall  beU  jar  is  held  over  the  cup,  with  its  lip  in  the  water.  The 
combustion  soon  terminates,  and  the  water  of  the  trough  rises  in  the 
jar.  Alcohol  does  not  consume  the  oxygen  entirely,  a  small  portion 
of  it  still  remaining  mingled  with  the  nitrogen ;  a  certain  quantity  of 
carbonic  acid  gas  is  also  produced  by  its  combustion.  But  the  com- 
bustion of  phosphorus  exhausts  the  oxygen  completely,  and  leaves 
nitrogen  unmixed  with  any  other  gas. 

Nitrogen  may  be  likewise  conveniently  obtained  by  conducting 
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clilorine  gas  into  diluted  ammonia.  Eor  delicate  purposes  of  re- 
search this  gas  is  best  prepared  by  carrying  air  through  a  tube  filled 
with  reduced  metallic  copper  in  a  pulverulent  form,  and  heated  to 
redness,  by  which  the  oxygen  is  entirely  absorbed. 

Properties. — Nitrogen  gas  is  tasteless  and  inodorous ;  has  never 
been  liquefied,  and  is  less  soluble  in  water  than  oxygen.  It  is  a 
little  lighter  than  air,  which  posseses  the  mean  density  of  79.1 
volumes  of  nitrogen  and  20  9  volumes  of  oxygen.  Nitrogen  is  a 
singularly  inert  substance,  and  does  not  unite  directly  with  any  other 
single  element,  so  far  as  I  am  aware,  under  the  influence  of  light  or 
of  a  high  temperature,  unless,  perhaps,  oxygen  and  carbon.  A 
burning  taper  is  instantly  extinguished  in  this  gas,  and  an  animal 
soon  dies  in  it,  not  because  the  gas  is  injurious,  but  from  the  priva- 
tion of  oxygen,  which  is  required  in  the  respiration  of  animals. 
Nitrogen  appears  to  be  chiefly  useful  in  the  atmosphere,  as  a  diluent 
of  the  oxygen,  thereby  repressing  to  a  certain  degree  the  activity  of  com- 
bustion and  other  oxidating  processes.  Of  the  fixation  of  free  nitro- 
gen of  plants,  there  is  no  evidence.  When  heated  with  oxygen,  nitro- 
gen does  not  bum  hke  hydrogen,  nor  undergo  oxidation.  But  nitrogen 
may  be  made  to  unite  with  oxygen  by  transmitting  several  hundred 
electric  sparks  through  a  mixture  of  these  gases  in  a  tube,  with 
water  or  an  alkali  present,  and  nitric  acid  is  produced.  The  water 
formed  by  the  combustion  of  hydrogen  in  air,  or  of  a  mixture  of  hydro- 
gen and  nitrogen  in  oxygen,  has  often  an  acid  reaction,  which  is  due 
to  a  trace  of  nitric  acid.  But  when  the  hydrogen  is  mixed  with  air 
in  excess,  so  as  to  prevent  great  elevation  of  temperature  during  the 
combustion,  the  oxidation  of  the  nitrogen  does  not  take  place  (Kolbe). 
Nitric  acid  is  also  a  product  of  the  oxidation  of  a  variety  of  com- 
pounds containing  nitrogen.  Ammonia  mixed  with  air,  on  passing 
over  spongy  platinum  at  a  temperature  of  about  572°,  is  decomposed, 
and  the  nitrogen  it  contains  is  completely  converted  into  nitric  acid, 
by  combining  with  the  oxygen  of  the  air.  Cyanogen  and  air,  under 
similar  circumstances,  occasion  the  formation  of  nitric  and  carbonic 
acids"^.  Nitric  acid  is  also  largely  produced  by  the  oxidation  of 
organic  matters  during  putrefaction  in  air,  when  an  alkali  or  lime  is 
present,  as  in  the  natural  nitre  soils  and  artificial  nitre  beds. 

A  suspicion  has  always  existed  that  nitrogen  may  be  a  compound 
body,  but  it  has  resisted  all  attempts  to  decompose  it,  and  the  evi- 
dence of  its  elementary  character  is  equally  good  with  that  of  most 

*  KuMman,  Phil.  Mag.  3d  Series,  vol.  xiv.  page  ]57. 
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other  bodies  reputed  simple.  Before  considering  the  compounds  of 
nitrogen  with  oxygen,  we  may  notice  the  properties  of  atmospheric 
air,  which  is  regarded  as  a  mechanical  mixture  of  these  gases. 


THE  ATMOSPHERE. 

According  to  the  new  and  most  careful  determination  of  the  weight  of 
air  by  M.  Eegnault,  100  cubic  inches  of  atmospheric  air,  deprived  of 
aqueous  vapour  and  the  small  quantity  of  carbonic  acidit  usually  contains, 
weigh  30.82926  grains,  at  60°  and  30  Bar.  Its  density  at  the  same 
temperature  and  pressure  is  estimated  at  1000,  and  is  conveniently 
assumed  as  the  standard  of  comparison  for  the  densities  of  gaseous 
bodies,  as  water  is  for  sohds  and  liquids.  Hence,  at  62°,  air  is  810 
times  lighter  than  water,  and  11,000  times  lighter  than  mercury. 
The  bulk  of  air  varies  with  its  temperature  and  the  pressure  affecting 
it,  according  to  the  same  laws  as  other  gases  (pages  1 2  and  75)*. 

The  mean  pressure  of  the  atmosphere  at  the  surface  of  the  sea  is 
generally  estimated  as  equal  to  the  weight  of  a  column  of  mercury 
of  30  inches  in  height,  which  is  about  15  pounds  on  the  square 
inch  of  surface,  and  is  equivalent  to  a  column  of  water  of  nearly 
34  feet  in  height.  The  oxygen  alone  is  equal  to  a  column  of  7.8 
feet  of  water  over  the  whole  earth^s  surface,  from  which  an  idea  may 
be  formed  of  the  immense  quantity  of  that  element,  and  how  small 
the  effect  must  be  of  the  oxidating  processes  observed  at  the  earth's 
surface  in  diminishing  it.  If  the  atmosphere  were  of  uniform 
density,  its  height,  as  inferred  from  the  barometer,  would  be  11,000 

*  I.  Weight  of  1  Litee  ot  Gases. 
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isjtiS,  ui  \j    \j.,  ijai. 

In  Grammes. 

Atmospheric  Air 

1-293187 

Nitrogen 

1.256167 

Oxygen 

1.429802 

Hydrogen 

0.089578 

Carbonic  Acid 

1.977414 

II.  Weight  or  100  Cubic  Inches  or  Gases  ; 

Bar.  29.92  inches. 

At  32»  F. 

At  60°  F. 

In  Grains. 

In  Grains. 

Atmospheric  Air      . 

32.58684 

.     30.82926 

Nitrogen 

31.66020 

.     29.95260 

Oxygen 

36.13896 

.    34.18979 

Hydrogen 

2.16216 

.       2.04554 

Carbonic  Acid 

50.03856 

.    47.33972 

Here  the  French  liter  is  taken  at  61.028  English  cubic  inches;  the  gramme  at 
15.4440  grains ;  and  the  volume  of  air  and  the  other  gases,  at  60°,  1*05701,  their 
volume  at  32°  being  1. 
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times  30  inches,  or  5.208  miles,  but  the  density  of  air  being  pro- 
portional to  the  pressure  upon  it,  diminishes  with  its  elevation,  the 
superior  strata  being  always  more  rare  and  expanded  than  the  inferior 
strata  upon  which  they  press. 


DENSITY  OF  THE  ATMOSPHERE. 

Height  above  the  sea  in 

miles. 

Volume. 

0 

1 

2.705 

.       2 

5.41 

4 

8-115 

8 

10.82 

.     16 

13.424 

32 

16-23 

64 

At  a  height  of  2*705  miles  (11,556  feet)  the  atmosphere  is  of  half 
density,  by  calculation,  or  1  volume  is  expanded  into  2,  and  the 
barometer  would  stand  at  15  inches  ;  the  density  is  again  halved  for 
every  2*7  miles  additional  elevation.  Prom  calculations  founded  on 
the  phenomena  of  refraction,  the  atmosphere  is  supposed  to  extend, 
in  a  state  of  sensible  density,  to  a  height  of  nearly  45  miles.  It  is 
certainly  limited,  probably  from  the  expansibility  of  the  aerial  par- 
ticles having  a  natural  limit  (page  76).  The  atmospheric  pressure 
also  varies  at  the  same  place,  from  the  effect  of  winds  and  other 
causes,  which  are  not  fully  understood.  Hence  the  use  of  the 
barometer  as  a  weather  glass ;  for  wet  and  stormy  weather  is  generally 
preceded  by  a  fall  of  the  mercury  in  the  barometer,  and  fair  and 
calm  weather  by  its  rise. 

The  temperature  of  the  atmosphere  is  greatest  at  the  earth's 
surface,  and  has  been  observed  to  diminish  one  degree  for  every 
352  feet  of  ascent,  in  the  lower  strata.  It  is  believed,  however,  that 
the  progressive  diminution  is  less  rapid  at  great  distances  from  the 
earth.  But  at  a  certain  height,  the  region  of  perpetual  congelation  is 
attained  even  in  the  warmest  cHmates ;  the  summits  of  the  Andes, 
which  rise  21,000  feet,  being  perpetually  covered  with  snow  under 
the  equator.  The  Kne  of  perpetual  congelation,  which  has  been 
fixed  at  15,207  feet  at  0°  latitude,  descends  progressively  in  higher 
latitudes,  being  3,818  feet  at  60°,  and  only  1-016  feet  at  75°.  The 
decrease  of  temperature  with  elevation  in  the  atmosphere  is  ascribed 
to  two  causes.  1.  To  the  property  wliich  air  has  of  becoming 
cold  by  expansion,  which  arises  from  an  increase  of  its  latent  heat 
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with  rarefaction.  Tlie  actual  temperature  of  the  different  strata  of 
the  atmosphere  is  indeed  beheved  to  be  that  due  to  their  dilatation, 
supposing  that  they  had  all  the  same  original  temperature  and 
density  as  the  lowest  stratum.  2.  To  the  circumstance  that  the 
atmosphere  derives  its  heat  principally  from  contact  with  the  earth's 
surface.  The  sun's  rays  appear  to  suffer  little  absorption  in  passing 
through  the  atmosphere ;  but  there  are  some  observations  on  the 
force  of  solar  radiation  which  are  not  easily  reconciled  with  that  cir- 
cumstance. A  thermometer,  of  which  the  bulb  is  blackened,  rises 
a  certain  number  of  degrees  above  the  temperature  of  the  air, 
when  exposed  to  the  sun,  but  the  rise  is  decidedly  greater  on  high 
mountains  than  near  the  level  of  the  sea,  and  in  temperate,  or  even 
arctic  climates,  which  is  more  remarkable,  than  witliin  the  tropics. 
It  is  a  question  how  solar  radiation  is  obstructed  in  the  hotter 
climates^. 

The  blue  colour  of  the  sky  has  been  found  by  Brewster  to  be  due 
to  light  that  has  suffered  polarization,  which  is  therefore  reflected 
hght,  hke  the  white  light  of  clouds.  The  air  of  the  atmosphere 
must  therefore  have  a  disposition  to  absorb  the  red  and  yellow  solar 
rays,  and  to  reflect  the  blue  rays.  At  great  heights,  the  blue  colour 
of  the  sky  was  observed  by  Theodore  de  Saussure  to  become  deeper 
and  deeper,  being  mixed  with  black,  owing  to  the  absence  of  white 
reflecting  vapour  or  clouds.  The  red  and  golden  tints  of  clouds  appear 
to  be  connected  with  a  remarkable  property  of  steam  observed  by 
Professor  J.  Forbes.  A  light  seen  at  night  tlu-ough  steam  issuing 
into  the  atmosphere  from  under  a  pressure  of  from  5  to  30  pounds 
on  the  inch,  is  found  to  appear  of  a  de^ep  orange  red  colour,  exactly 
as  if  observed  through  a  bottle  containing  nitrous  acid  vapour.  The 
steam,  when  it  possesses  this  colour,  is  mixed  with  air,  and  on  the 
verge  of  condensation ;  and  it  is  known  that  the  golden  hues  of 
sunset  depend  upon  a  large  proportion  of  vapour  in  the  air,  and  are 
indeed  a  popular  prognostic  of  rain.f 

Winds. — The  movement  of  masses  of  air,  or  wind,  is  always  pro- 
duced by  inequality  of  temperature  of  the  atmosphere  at  different 
points  of  the  earth's  surface,  or  in  different  regions  of  the  atmosphere 
of  equal  elevation.  The  primary  movement  is  always  an  ascending 
current,  the  heated  and  expanded  air  over  some  spot  rising  in  a  ver- 
tical column.     Dense  and  colder  air  flows  towards  that  point,  pro- 

*  Darnell's  Meteorological  Essays,  2d  edit. 

t  Phil.  Mag.  3d  Series,  vol.  xiv.  pp.  121  and  425,  and  vol.  xv.  pp.  25  and  419. 
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(lucing  the  horizontal  current  which  is  remarked  by  an  observer  on 
the  earth's  surface.  Some  winds  are  of  a  very  limited  range,  and 
depend  upon  local  circumstances ;  such  are  the  sea  and  land  breeze 
experienced  upon  the  coasts  of  tropical  countries.  From  its  low 
conducting  power,  the  surface  of  the  land  is  more  quickly  heated 
than  the  sea,  so  that  soon  after  sunrise  the  expanded  air  over  the 
former  begins  to  ascend,  and  is  replaced  by  colder  air  from  the  sea, 
forming  the  sea  breeze.  But  after  sunset,  the  earth's  heat,  being  less 
in  quantity,  is  more  quickly  dissipated  by  radiation  than  that  of  the 
sea,  and  the  air  over  the  land  becomes  dense  and  flows  outwards, 
displacing  the  air  over  the  sea,  and  producing  the  land  breeze.  It  is 
obvious  that  these  inferior  currents  must  be  attended  by  a  superior 
current  in  an  opposite  direction,  or  that  the  air  in  these  winds  is 
carried  in  a  perpendicular  vortex  of  no  great  extent,  of  which  the 
motion  is  reversed  twice  every  twenty-four  hours.  A  grand  move- 
ment of  a  similar  nature  is  produced  in  the  atmosphere,  from  the 
high  temperature  of  the  equatorial  compared  with  the  polar  regions 
of  the  globe;  the  air  over  the  former  constantly  ascending,  and 
having  its  place  supplied  by  horizontal  currents  from  the  latter, 
within  the  lower  region  of  the  atmosphere.  Hence,  if  the  earth  were 
at  rest,  the  wind  would  constantly  blow  at  its  surface,  from  the  poles 
to  the  equator,  and  in  the  opposite  direction  in  the  upper  strata  of  the 
atmosphere.  But  the  earth,  accompanied  by  its  atmosphere,  makes  a 
diurnal  revolution  upon  its  axis,  in  which  any  point  on  its  surface  is 
always  passing  to  a  point  in  space  previously  to  the  east  of  it,  and  with  a 
velocity  proportional  to  its  circle  of  latitude  on  the  globe ;  a  velocity 
which  is  consequently  nothing  at  the  poles,  and  attains  its  maximum  at 
the  equator.  The  result  of  this  is,  that  the  lower  current  or  polar  stream, 
in  tending  to  the  equator,  is  constantly  passing  over  parallels  of  latitude 
which  have  a  greater  degree  of  velocity  of  rotation  to  the  east,  than 
the  stream  itself,  which  comes  thus  to  be  felt  as  a  resistance  from  the 
east ;  and  instead  of  appearing  as  a  wind  directly  from  the  north,  as 
it  really  is,  this  stream  appears  as  a  wind  from  the  east,  with  a  certain 
northerly  declination,  which  diminishes  as  the  stream  approaches  the 
equator,  where  it  flows  directly  from  the  east,  constituting  the  great 
trade- wind  which  constantly  blows  across  the  Atlantic  and  Pacific 
Oceans  from  east  to  west  within  the  tropics.  Our  keen  east  winds 
in  spring  have  a  low  temperature,  which  attests  their  arctic  origin. 
The  upper  or  equatorial  current  has  its  course  deflected  by  similar 
causes  ;  starting  from  the  equator  it  has  a  greater  projectile  force  to 
the  east  than  the  parallels  of  latitude  over  which  it  has  to  pass,  and 
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retaining  this  motion  towards  the  east  it  appears,  as  it  passes  over 
them,  a  west  wind  or  wind  from  the  west.  The  upper  current,  flow- 
ing in  the  opposite  direction  from  the  trade-wind  below,  was  actually 
experienced  by  Humboldt  and  Bonpland  on  the  summit  of  the  Peak 
of  Tenerifi'e,  and  has  been  indicated  at  various  times  by  the  transport 
of  volcanic  ashes  by  its  means. 

These  currents,  instead  of  flowing  in  a  uniform  manner  over  and 
under  each  other,  appear  often  to  descend,  and  to  flow  side  by  side, 
giving  rise  to  hot  and  cold  seasons  in  their  different  courses,  and  the 
great  variability  of  climate  of  the  temperate  zone.  On  the  great 
oceans,  within  the  temperate  zone,  westerly  winds  prevail  greatly  over 
easterly,  which  are  supposed  by  some  to  be  the  upper  current  de- 
scending to  the  surface  of  the  earth.  These  westerly  winds  temper 
the  climate  of  the  western  sea-board  both  of  Europe  and  America, 
which  is  much  milder  than  the  climate  of  their  eastern  coasts. 

The  nature  of  the  movement  of  the  atmosphere  in  hurricanes  has 
lately  received  considerable  elucidation.  It  appears  that  they  move 
in  circles,  and  are  great  horizontal  vortices,  which  are  probably  pro- 
duced by  currents  of  air  meeting  obliquely,  Hke  the  little  eddies  or 
whirlwinds  formed  at  the  corner  of  streets.  The  whole  vortex  also 
travels,  but  its  movement  of  translation  is  slow  compared  with  its 
velocity  of  rotation."^ 

Some  hurricanes  in  the  United  S.tates  have  a  path  of  only  a  few 
hundred  yards  in  width,  but  extending  for  many  miles.  An  inte- 
resting theory  of  the  origin  of  these,  and  many  other  local  winds,  has 
been  proposed  by  Mr.  Espy,  and  favourably  reported  upon  by  M. 
Babinet,  to  the  Erench  Institute.  When  a  column  of  air,  saturated 
with  vapour  at  a  high  temperature,  ascends  in  the  atmosphere,  it 
expands  by  the  removal  of  pressure  and  becomes  colder,  as  happens 
with  dry  air  of  the  same  temperature.  But  on  being  cooled  to  a 
certain  point  of  temperature  by  its  ascent,  vapour  condenses  in  the 
former,  and  raising  the  temperature  of  the  column  makes  it  specifi- 
cally lighter  and  more  buoyant.  The  ascent^f  damp  air  has  thus  a 
tendency  to  perpetuate  itself,  and  may  give  rise  to  a  most  powerful 
upward  aspiration,  as  is  shewn  by  calculation,  quite  adequate  to 
prostrate  trees,  and  produce  the  mechanical  effects  observed;  the 
whole  funnel  being  carried  over  the  surface  of  the  earth  by  a  more 
general  movement  of  the  atmosphere. 

Vapour. — The  properties  of  the  atmosphere  are  much  affected  by 

*  Colonel  Reid  on  the  Law  of  Storms ;  also  the  work  of  Mr.  Espy. 
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the  presence  of  watery  vapour  in  it,  which  it  acquires  from  contact 
with  the  surface  of  the  sea,  lakes,  rivers,  and  humid  soil.  The  quan- 
tity which  can  rise  into  the  air  is  limited  by  its  temperature  (p.  90), 
and  comes  to  be  deposited  again  from  various  causes.  The  surface 
of  the  earth  is  cooled  by  radiation,  and  occasions  the  precipitation  of 
dew  from  the  air  in  contact  with  it.  Vapour  is  also  condensed  into 
drops,  from  various  agencies  within  the  atmosphere  itself.  The  fol- 
lowing are  the  principal  causes  of  clouds  and  rain.  1.  The  ascent  of 
air  in  the  atmosphere,  and  its  consequent  rarefaction,  which  is 
attended  with  cold.  A  cloud  will  be  observed  within  the  receiver  of 
an  air-pump,  on  the  plate  of  which  a  little  water  has  been  spilt,  on 
making  two  or  three  rapid  strokes  of  the  pump,  which  is  due  to  this 
cause.  It  is  observed  in  operation  in  the  formation  of  the  clouds  and 
mists  which  settle  on  the  summits  of  mountains.  The  wind  passing 
over  the  surface  of  a  level  country  is  impeded  by  a  mountain ;  rising 
in  the  atmosphere  the  stream  overcomes  the  obstacle,  and  produces  a 
cloud  as  it  passes  over  the  mountain,  which  appears  stationary  on  its 
summit.  2.  The  mixing  of  opposite  currents  of  hot  and  cold  air, 
both  saturated  with  humidity,  may  occasion  rain,  from  the  circum- 
stance, first  conjectured  by  Dr.  Hutton,  that  the  currents  of  air  on 
mixing  and  attaining  a  mean  temperature  are  incapable  of  sustaining 
the  mean  quantity  of  vapour.  Thus,  supposing  equal  volumes  of  air 
at  60°  and  40°,  both  saturated  with  vapour,  to  be  mixed,  the  ten- 
sion of  vapour  at  the  former  temperature  being  the  0.524th  of  an 
inch  of  mercury,  and  at  the  latter  the  0.263rd  of  an  inch,  the  mean 
tension  is  the  0.393rd  of  an  inch.  But  the  tension  of  vapour  at  50°, 
the  intermediate  temperature  is  only  the  0.375th  of  an  inch;  and 
consequently  the  excess  of  the  former  tension,  or  vapour  of  the 
0.01 8th  of  an  inch  of  tension,  must  condense  as  rain.  But  this  is  an 
inconsiderable  cause  of  rain  compared  with  the  next.  3.  Contact  of 
air  in  motion  with  the  cold  surface  of  the  earth,  or  mere  proximity, 
appears  to  be  the  most  usual  cause  of  its  refrigeration,  and  of  the 
precipitation  of  rain  from  it.  The  mean  temperature  of  January  in 
this  country  is  about  34°,  but  with  a  south-west  wind  the  thermome- 
ter may  be  observed  gradually  to  rise  in  the  course  of  48  hours  to 
54°.  Now  supposing  this  wind  to  be  saturated  with  vapour  at  54° 
and  to  be  cooled  to  34°,  as  it  is  on  its  first  arrival,  the  moisture 
which  it  must  deposit  is  very  considerable,  as  will  appear  by  the 
following  calculation : — 

Tension  of  vapour  at  54°     .     .     0.429  inch, 
at  34°     .     .     0.214    „ 


Condensed     .     .     0.215    „ 
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Height. 
242  feet. 
73     „ 
0     „ 


The  mean  annual  fall  of  rain  in  London  amounts  to  a  column  of 
23  inches.  The  quantity  collected  by  a  rain-gauge  is  found  to  be 
affected  to  an  extraordinary  extent  by  very  moderate  differences  of 
elevation.  Thus  the  annual  fall  of  rain  in  tliree  situations  was 
found,  by  Professor  J.  Phillips,  to  be  as  follows : — 

Inches. 

Top  of  York  Minster  .     15.910     . 

Roof  of  Museum        .         .     20.461     . 
Surface  of  ground      .         .     24.401     -. 

The  last  stated  cause  of  rain  throws  some  light  on  this  inequality : 
the  air  is  more  cooled  near  the  ground,  and  therefore  deposits  most 
humidity. 

The  annual  fall  is  greater  near  the  equator,  and  diminishes  in  liigh 
latitudes.  At  Granada  (lat.  12°  N.),  it  is  126  inches;  at  Calcutta 
(lat.  19°  46'),  81  inches;  Rome,  39  inches;  average  of  England, 
31  inches;  St.  Petersburgh,  16  inches;  Uleaborg,  13 J  inches.  The 
number  of  rainy  days  follows  a  different  proportion,  the  average 
during  the  year  being  about  as  follows  : — 

In  Northern  Europe  .  .180 

In  Central  Europe      .         .  .146 

In  Southern  Europe  .  .       120"^ 

When  clouds  form  at  temperatures  below  32°,  the  aqueous  vapour 
is  converted  into  an  infmity  of  little  needle-like  crystals,  wliich  often 
diverge  from  each  other  at  angles  of  5^'ig.  105. 

60°  and  120°,  as  do  also  the  tliin 
crystals  in  freezing  water.  Snow 
differs  very  much  in  the  aiTange- 
ment  of  these  spiculse  (fig.  105),  but 
the  flakes  are  aQ  of  the  same  confi- 
guration in  the  same  storm.  The 
figures  are  essentially  referable  to  a 
hexagonal  star  or  prism,  one  of  the 
crystalline  forms  of  ice.  Hail  is  also 
produced  by  cold,  but  in  circum- 
stances which  are  entirely  different. 
It  occurs  only  in  summer  or  in  warm 
climates,  and  when  the  sun  is  above 
the  horizon.  It  seems  to  be  pro- 
duced in  a  humid  ascending  current 
of  air,  greatly  cooled  by  rarefaction, 
which  has  an  upward  velocity  suffi- 


*  See  Miiller's  Physics  and  Meteorology,  and  Ktiratz's  Meteorology,  by  Walker. 
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cient  to  sustain  the  falling  hailstones  at  the  same  place  till  they  attain 
considerale  magnitude.  The  formation  of  hail  is  always  attended  with 
thunder  or  signs  of  electricity;  and  it  has  been  found  that  smell 
districts  may  be  protected  from  its  devastations  by  the  elevation  of 
many  thunder  rods. 

An  all/ sis  of  air. — A  knowledge  of  the  composition  of  the  atmo- 
sphere followed  that  of  its  constituent  gases.  Yarious  modes  of 
analysis  are  practised:  —  !.  A  stick  of  pliosphorus  introduced  into 
a  known  measure  of  air  in  a  graduated  tube,  effects  a  complete 
absorption  of  the  oxygen  in  24  hours.  On  afterwards  withdrawing 
the  phosphoms  the  diminution  of  volume  may  be  observed,  which 
always  indicates  20  or  21  per  cent,  of  oxygen.  2.  A  known  mea- 
sure of  air  may  be  mixed  with  a  slight  excess  of  hydrogen  more  than 
sufficient  to  combine  with  its  oxygen  100  volumes  of  air,  for  exam- 
ple, with  50  volumes  of  hydrogen,  and  the  mixture  exploded  in  a 
strong  glass  tube  of  proper  construction,  by  means  of  the  electric 
spark.  The  diminution  in  volume  of  the  gases  after  combustion  is 
observed ;  and  as  oxygen  and  hydrogen  unite  in  the  exact  ratio  of 
one  volume  of  the  first  to  two  volumes  of  the  second,  one-third  of  the 
diminution  represents  the  volume  of  oxygen  in  the  measure  of  air 
employed.  The  tube  used  for  this  purpose  is  called  the  voltaic  eudio- 
meter. The  syphon  eudiometer  is  a  convenient  instrument  of  this 
kind.  It  is  formed  of  a  straight  tube  moderately  stout,  of  about  l-4th 
Fig.  106.  or  3-8ths  of  an  inch  internal  diameter,  sealed  at 

one  end,  and  about  22  inches  long.  The  closed 
end  of  this  tube  being  softened  by  heat,  tw^o  stout 
platinum  wires  are  thrust  through  the  glass  from 
opposite  sides  of  the  tubes,  so  that  their  extremi- 
ties in  the  tube  approach  within  one-tenth  of  an 
inch  of  each  other.  These  are  intended  for  the 
transmission  of  the  electric  spark,  and  are  retained, 
as  if  cemented,  in  the  apertures  of  the  glass 
when  the  latter  cools.  One-half  the  tube  next  the 
closed  end  is  afterwards  graduated  into  hundredths  of  a  cubic  inch, 
and  the  tube  is  bent  in  the  middle,  like  a  syphon,  as  represented  by 
a  in  the  figure.  By  a  little  dexterity,  a  portion  of  the  gaseous  mix- 
ture to  be  exploded  is  transferred  to  the  sealed  hmb  of  the  instru- 
ment, at  the  water  or  mercurial  trough,  and  the  measure  noted  with 
the  hquid  at  the  same  height  in  both  hmbs.  The  mouth  of  the 
open  limb  may  then  be  closed  by  a  cork,  which  can  be  fixed  down 
by  soft  copper  wire.     A  chain  being  now  hung  to  one  platinum 
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wire,  the  other  is  presented  to  the  prime  conductor  of  an  electric 
machine,  or  to  the  knob  of  a  charged  Leyden  phial  h,  so  as  to  take  a 
spark  through  the  mixture,  which  is  thereby  exploded.  The  risk  of  the 
tube  being  broken  by  the  explosion,  which  is  considerable  in  the  ordi- 
nary form  of  the  eudiometer,  is  completely  avoided  in  this  instrument 
by  the  compression  of  the  air  retained  by  the  cork  in  the  open  limb, 
this  air  acting  as  a  recoil  spring  upon  the  occurrence  of  the  explo- 
sion in  the  other  limb.  3.  The  combustion  of  the  mixed  gases  may 
be  determined  without  explosion  by  means  of  a  little  pellet  of  spongy 
platinum,  and  the  experiment  can  then  be  conducted  over  mercury 
in  an  ordinary  graduated  tube.  4.  Another  exact  method  of  remov- 
ing oxygen  from  air,  recommended  by  Gay-Lussac,  is  the  introduction 
into  the  air  of  slips  of  copper  moistened  with  hydrochloric  acid,  which 
absorb  oxygen  with  great  avidity. 

5.  A  solution  in  ammonia  of  the  subchloride  of  copper,  or  of  any 
salt  of  the  suboxide  of  that  metal,  such  as  the  sulphite,  absorbs 
oxygen  with  great  avidity,  and  may  be  used  in  the  analysis  of  air. 

6.  In  the  recent  careful  analyses  of  air  by  M.  Dumas,  the  oxygen 
was  withdrawn,  by  passing  air  over  reduced  metallic  copper  at 
a  red  heat.  To  obtain  the  necessary  precision  in  the  results,  the 
experiment  was  conducted  in  the  following  manner.   In  fig.  10  7^  «  5  is 

Fig.  107. 


a  tube  of  the  difficulty  difPusible  or  hard  glass  used  in  organic  analy- 
sis, which  is  filled  with  metallic  copper  (reduced  from  the  black  oxide 
of  copper  by  hydrogen),  and  placed  in  a  long  trough  furnace  of  sheet 
iron,  in  which  it  can  be  heated  to  redness  throughout  its  whole 
length.     The  tube  is  provided  with  stopcocks  at  both  ends,  and  at- 
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tached  by  caoutchouc  tubes  to  small  glass  tubes.  By  one  of  these 
small  tubes  it  communicates  with  a  glass  balloon  V^  of  about  1200 
cubic  inches  in  capacity^  having  a  stopcock  u ;  and  by  the  other  r, 
with  a  series  of  tubes  A,  B,  and  C.  Of  these  A  is  a  series  of  bulbs 
containing  a  concentrated  solution  of  caustic  potash^  and  is  intended 
for  the  absorption  of  the  small  portion  of  carbonic  acid  present  in 
air ;  the  U  shaped  tube  B  contains  fragments  of  pumice  impregnated 
with  the  same  alkaline  solution ;  and  the  similar  tube  C  is  filled  with 
pumice  impregnated  with  oil  of  vitriol,  in  order  to  dry  the  air. 

The  balloon  Y  is  weighed  and  applied  to  the  other  apparatus  in  a 
vacuous  state.  The  tube  a  b  containing  the  metallic  copper  is  also 
weighed  before  hand.  The  tube  and  copper  being  heated  to  low 
redness,  the  stopcocks  are  partially  opened,  and  air  allowed  to  flow 
in  a  gradual  manner  into  Y.  The  oxygen  is  entirely  absorbed  by  the 
copper,  and  the  weight  of  that  constituent  ascertained  by  weighing 
the  tube  a  h  aftet  the  experiment.  The  nitrogen  passes  on  alone  into 
Y,  and  its  weight  is  found  by  again  weighing  that  balloon.  A 
great  many  analyses  made  in  this  way  gave  the  following  mean  re- 
sults : — 

Air  by  weight.  Air  by  volume. 

Oxygen      .         .         .     23.10         .       .         20.90 
Nitrogen    .         .         .     76.90         .       .         79.10 


100.00  100.00 

Air  from  distant  localities  and  different  elevations  has  not  exliibited 
any  sensible  variation  in  composition. 

The  theory  of  the  constitution  of  mixed  gases  of  Dalton  supposes 
that  the  oxygen  and  nitrogen  of  air  form  independent  atmospheres, 
the  one  gas  not  pressing  upon  or  interfering  with  the  other.  If  each  of 
these  atmospheres  were  of  uniform  density,  their  heights  would  ob- 
viously be  inversely  as  the  densities  of  the  two  gases,  the  height  of  the 
nitrogen  column  8,  and  that  of  the  oxygen  7  ;  and  the  proportion  of 
the  one  gas  to  the  other  would  vary  with  the  elevation.  The  same 
variation  should  occur  in  the  atmosphere  in  its  actual  state  :  the  pro- 
portion being  supposed  21  per  cent,  at  the  level  of  the  sea,  by  a 
calculation  on  this  principle  it  should  be  20.070  per  cent,  at  a 
height  of  10,000  Parisian  feet,  and  19.140  per  cent,  at  a  height  of 
20,000  feet.  But  as  the  influence  of  the  great  polar  and  equatorial 
currents  is  allowed  to  extend  to  a  greater  height  in  the  atmosphere 
than  the  last,  and  than  has  ever  been  reached  by  man,  it  is  not  to  be 
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wondered  at  that  no  diminution  in  the  proportion  of  oxygen  is  ob- 
servable in  the  accurate  analyses  of  air  from  the  summit  of  the  Paul- 
horn  (8000  feet)  which  were  lately  made  by  Brunner,  with  the  view 
of  testing  this  hypothesis.^ 

Besides  these  constituents,  the  atmosphere  always  contains  a 
variable  quantity  of  watery  vapour  and  carbonic  acid  gas.  The  pre- 
sence of  the  latter  is  observed  by  exposing  to  the  air  a  bason  of 
lime-water,  which  is  soon  covered  by  a  pellicle  of  carbonate  of  lime. 
Its  proportion  is  ascertained  by  adding  baryta-water  of  a  known 
strength,  from  a  graduated  pipette,  to  a  large  bottle  of  the  air  to  be 
examined ;  agitating  after  each  addition,  till  a  sbp  of  yellow  turmeric 
paper  is  made  permanently  brown  by  the  baryta- water  after  agitation, 
which  proves  that  more  of  the  latter  has  been  added  than  is  neu- 
tralized by  the  carbonic  acid  of  the  air.  The  carbonic  acid  is  in  the 
equivalent  proportion  (by  weight)  of  the  quantity  of  baryta  which 
has  been  neutralized. 

Another  and  perhaps  more  exact  method  is  to  draw  a  large  but 
known  volume  of  dry  air  through  a  U  tube,  containing  pumice  im- 
pregnated with  caustic  potash,  and  to  pass  it  afterwards  through  a 
second  U  tube,  containing  oil  of  vitriol.  Tlie  increase  of  weight  on 
both  tubes  weighed  together  is  the  proportion  of  carbonic  acid. 

Like  every  subject  connected  with  the  atmosphere^  the  proportion 
of  carbonic  acid  which  it  contains  was  ably  investigated  by  the 
Saussures.  The  elder  philosopher  of  that  name  detected  the  pre- 
sence of  this  gas  in  the  atmosphere  resting  upon  the  perpetual  snows 
of  the  summit  of  Mont  Blanc,  so  that  there  can  be  no  doubt  that 
carbonic  acid  is  diffused  through  the  whole  mass  of  the  atmosphere. 
The  younger  Saussure  has  ascertained,  by  a  series  of  several  hundred 
analyses  of  air,  that  the  mean  proportion  of  carbonic  acid  is  4.9 
volumes  in  10,000  volumes  of  air,  or  almost  exactly  ]  in  2000 
volumes;  but  it  varies  from  6.2  as  a  maximum  to  3.7,  as  a  minimum 
in  10,000  volumes.  Its  proportion  near  the  surface  of  the  earth  is 
greater  in  summer  than  in  winter,  and  during  night  than  during  day 
upon  an  average  of  many  observations.  It  is  also  rather  more  abun- 
dant in  elevated  situations,  as  on  the  summits  of  high  mountains, 
than  in  the  plains ;  a  distribution  of  this  gas  which  proves  that  the 
action  of  vegetation  at  the  surface  of  the  earth  is  sufficient  to  keep 
down  the  proportion  of  it  in  the  atmosphere,  within  a  certain  limit.f 


*  Poggendorff,  Haudworterbucli  dcr  Chemie,  Bd.  i.  S.  570. 

t  Saussure,  Annales  de  Chim.  et  de  Phys.  t.  xxxviii.  p.  411 ;  and  t.  xliv.  p.  5. 
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An  enormous  quantity  of  carbonic  acid  is  discharged  from  the  ele- 
vated cones  of  the  active  volcanoes  of  America,  according  to  the 
observations  of  Boussingault,  which  may  partly  account  for  the  high 
proportion  of  that  gas  in  the  upper  regions  of  the  atmosphere.  The 
gas  emitted  from  the  volcanoes  of  the  old  world,  according  to  Davy 
and  others,  is  principally  nitrogen. 

Carbonic  acid  is  a  constituent  of  the  atmosphere  which  is  essential 
to  vegetable  life,  plants  absorbing  that  gas,  and  deriving  from  it  the 
whole  of  their  carbon.  Extensive  forests,  such  as  those  of  the 
Landes  in  France,  which  grow  upon  sands  absolutely  destitute  of 
carbonaceous  matter,  can  obtain  their  carbon  in  no  other  manner. 
But  the  oxygen  of  the  carbonic  acid  is  not  retained  by  the  plant, 
for  the  lignin  and  other  constituent  principles  of  vegetables,  contain, 
it  is  well  known,  no  more  oxygen  than  is  sufficient  to  form  water 
with  their  hydrogen,  and  which,  indeed,  has  entered  the  plant  as  water. 
The  oxygen  of  the  carbonic  acid  must  therefore  be  returned  in  some 
form  to  the  atmosphere.  The  discharge  of  pure  oxygen  gas  from 
the  leaves  of  plants  was  first  observed  by  Priestley,  and  the  general 
action  of  plants  upon  the  atmosphere  has  subsequently  been  mi- 
nutely studied  by  Sir  H.  Davy  and  Dr.  Daubeny.  The  decomposi- 
tion of  carbonic  acid  requires  the  concurrence  of  light ;  and  is  not 
therefore  sensible  during  the  night.  That  plants  fully  compensate 
for  the  loss  of  oxygen  occasioned  by  the  respiration  of  animals  and 
other  natural  processes  is  not  improbable;  but  the  mass  of  the 
atmosphere  is  so  vast  that  any  change  in  its  composition  must  be 
very  slowly  effected.  It  has,  indeed,  been  estimated  that  the  pro- 
portion of  oxygen  consumed  by  animated  beings  in  a  century  does 
not  exceed  l-7200th  of  the  whole  quantity. 

Other  gases  and  vaporous  bodies  are  observed  to  enter  the  at- 
mosphere, but  none  of  them  can  afterwards  be  detected  in  it,  with 
the  exception  of  hydrogen  in  some  form,  probably  as  the  hght 
carburetted  hydrogen  of  marshes,  of  wliich  Boussingault  beheves 
that  he  has  been  able  to  detect  the  presence  of  a  minute  but  ap- 
preciable proportion."^  He  alsoobserved  concentrated  sulphuric  acid 
to  be  blackened  when  exposed  in  a  glass  capsule  to  the  air,  pro- 
tected from  dust,  and  at  a  distance  from  vegetation,  which  he 
ascribes  to  the  occasional  presence  in  the  air  of  some  volatile  car- 
bonaceous compound  which  is  absorbed  and  decomposed  by  the  acid. 

Ammonia  (N  H3)  also  is  a  minute  but  essential  constituent  of  air, 

*  Annales  dc  Chim.  et  de  Pliys.  Ivii.  148. 
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probably  in  the  form  of  carbonate.     It  is  brought  down  by  ram, 
and  is  the  principal  source  of  the  nitrogen  of  plants. 

Omitting  the  aqueous  vapour  always  present  in  air,  but  of  which 
the  proportion  is  constantly  fluctuating,  it  may  be  represented  as 
follows,  in  10,000  volumes  : — 

COMPOSITION  OP  DRY  AIR  BY  VOLUME. 


Nitrogen 

Oxygen 

Carbonic  acid     .... 

.     7912 

.     2080 

4 

Carburetted  hydrogen  (C  H2) 
Ammonia 

4 
.     Trace 

10,000 

Of  the  odoriferous  principles  of  plants,  the  miasmata  of  marshes 
and  other  matters  of  contagion,  the  presence,  although  sufficiently 
obvious  to  the  sense  of  smeU,  or  by  their  effects  upon  the  human 
constitution,  cannot  be  detected  by  chemical  tests.  But  it  may  be 
remarked  in  regard  to  them,  that  few  or  none  of  the  compound  vola- 
tile bodies  we  perceive  entering  the  atmosphere,  could  long  escape 
destruction  from  oxidation.  The  atmosphere  contains,  indeed,  within 
itseK  the  means  of  its  own  purification,  and  slowly  but  certainly  con- 
verts all  organic  substances  exposed  to  it  into  simpler  forms  of 
matter,  such  as  water,  carbonic  acid,  nitric  acid,  and  ammonia.  Al- 
though the  occasional  presence  of  matters  of  contagion  in  the  atmo- 
sphere is  not  to  be  disputed,  still  it  is  an  assumption,  without 
evidence,  that  these  substances  are  volatile  or  truly  vaporous.  Other 
matters  of  infection  with  which  we  can  compare  them,  such  as  the 
matter  of  cow-pox,  may  be  dried  in  the  air,  and  are  not  in  the  least 
degree  volatile.  Indeed,  volatility  of  a  body  implies  a  certain  sim- 
plicity of  constitution  and  limit  to  the  number  of  atoms  in  its  inte- 
grant particle,  which  true  organic  bodies  appear  not  to  possess. 
Again,  the  source  of  such  bodies  being  at  all  times  inconsiderable, 
they  would,  if  vapours,  be  liable  to  a  speedy  attenuation  by  diffusion 
so  great  as  to  render  their  action  wholly  inconceivable.  It  is  more 
probable  that  matters  of  contagion  are  highly  organized  particles  of 
fixed  matter,  which  may  find  its  way  into  the  atmosphere,  notwith- 
standing, like  the  pollen  of  flowers,  and  remain  for  a  time  suspended 
in  it ;  a  condition  which  is  consistent  with  the  admitted  difficulty  of 
reaching  and  destroying  those  bodies  by  gaseous  chlorine,  and  with 
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the  washing  of  walls  and  floors  as  an  ordinary  disinfecting  practice. 
On  this  obscure  subject,  I  may  refer  to  a  valuable  paper  by  the  late 
Dr.  Henry  upon  the  application  of  heat  to  disinfection,  in  which  it  is 
proved  that  a  temperature  of  212°  is  destructive  to  such  contagious 
matters  as  could  be  made  the  subject  of  experiment."^ 

With  reference  to  gaseous  disinfectants,  it  may  be  remarked  that 
sulphurous  acid  gas  (obtained  by  burning  sulphur)  is  preferable,  on 
speculative  grounds,  to  chlorine.  No  agent  checks  more  effectually 
the  first  development  of  animal  or  vegetable  life.  This  it  does  by 
preventing  oxidation.  In  the  same  manner  it  renders  impossible  the 
first  step  in  putrefactive  decomposition  and  fermentation.  All 
animal  odours  and  emanations  are  most  immediately  and  effectively 
destroyed  by  it.  The  foetid  odour  from  the  boiling  solution  of  cochi- 
neal (for  instance),  which  is  so  persistent  in  dye-houses,  is  most  com- 
pletely removed  by  the  admission  of  sulphurous  acid  vapour 
(J.  Graham). 

The  compounds  of  nitrogen  with  oxygen  are  the  following : — 

Protoxide  of  nitrogen  or  nitrous  oxide     ....  NO 

Binoxide  of  nitrogen  or  nitric  oxide         ....  NOj 

Nitrous  acid         ........  NO3 

Peroxide  of  nitrogen  (hyponitric  acid  of  Thenard)     .         .  NO4 

Nitric  acid NO5 


PROTOXIDE  OF  NITROGEN. 

Syn.  PROTOXIDE  of  azote,  nitrous  oxide;  Eq.  2£  or  275  ;  NO; 
density  1520-4 ;  |     |     |. 

This  gas  was  discovered  by  Dr.  Priestley  about  1776,  and  studied 
by  Davy,  whose  ''  Researches,  Chemical  and  Pliilosophical,"  pub- 
lished in  1809,  contain  an  elaborate  investigation  of  its  properties 
and  composition.  Davy  first  observed  the  stimulating  power  of 
nitrous  oxide  when  taken  into  the  lungs,  a  property  which  has  since 
attracted  a  considerable  degree  of  popular  attention  to  this  gas. 

Preparation. — Protoxide  of  nitrogen  is  always  prepared  from  tlie 
nitrate  of  ammonia.  Some. attention  must  be  paid  to  the  purity  of 
that  salt,  which  should  contain  no  hydrochlorate  of  ammonia.  It  is 
formed  by  adding  pounded  carbonate  of  ammonia  to  pure  nitric  acid, 

*  Phil.  Mag.  2d  Series,  vol.  i.  p.  363,  and  vol.  xi.  pp.  22,  207  (1882). 
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wliich,  if  concentrated,  may  be  previously  diluted  with  half  its  bulk 
of  water,  so  long  as  there  is  effervescence;  and  a  small  excess  of 
the  carbonate  may  be  left  at  the  end  in  the  liquor.  The  solution 
should  be  filtered,  and  concentrated  till  its  boiling  point  begins  to 
rise  above  250°,  and  a  drop  of  it  becomes  solid  on  a  cool  glass  plate. 
On  cooling,  it  forms  a  solid  cake,  which  may  be  broken  into  frag- 
ments. To  obtain  nitrous  oxide,  a  quantity  of  tliis  salt,  which  should 
never  be  less  than  6   or  8  ounces,  is  introduced  into  a  retort,  or 

a  globular  flask,  called  a  bolt- 
head  a,  and  heated  by  a  char- 
coal choffer  h,  the  diffused 
heat  of  which  is  more  suitable 
than  the  heat  of  a  lamp. 
Paper  may  be  pasted  over  the 
cork  of  the  bolt-head  to  keep 
it  air-tight.  At  a  temperature 
not  under  340°  the  salt  boils 
and  begins  to  undergo  decom- 
position, being  resolved  into 
nitrous  oxide  and  water.  As 
heat  is  evolved  in  this  decomposition,  which  is  a  kind  of  combustion 
or  deflagration,  the  choffer  must  be  withdrawn  to  such  a  distance 
from  the  flask  as  to  sustain  only  a  moderate  ebullition.  If  the  tem- 
perature is  allowed  to  rise  too  high,  the  ebulhtion  becomes  tumul- 
tuous, and  the  flask  is  filled  with  white  fumes,  which  have  an  irri- 
tating odour ;  and  the  gas  which  then  comes  off  is  Httle  more  than 
nitrogen.  Mtrous  oxide  should  be  collected  in  a  gasometer  or  in  a 
gas-holder  filled  with  water  of  a  temperature  about  90°,  as  cold  water 
absorbs  much  of  this  gas.  The  whole  salt  undergoes  the  same  de- 
composition, and  nothing  whatever  is  left  in  the  retort."^ 

Nitrous  oxide  is  likewise  produced  when  the  salt  called  nitro- 
sulphate  of  ammonia  is  thrown  into  an  acid ;  and  also  when  zinc  and 
tin  are  dissolved  in  dilute  nitric  acid,  but  the  latter  processes  do  not 
afford  the  gas  in  a  state  of  purity. 

The  nature  of  the  decomposition  of  the  nitrate  of  ammonia  will  be 
best  explained  by  the  following  diagram,  in  which  an  equivalent  of 
the  salts,  or  80  parts,  is  supposed  to  be  used.  It  will  be  observed 
that  the  three  equivalents  of  hydrogen  in  the  ammonia  are  burned. 


*  For  the  preparation  and  properties  of  this  and  other  gases,  the  Elements  of  Che- 
mistry (1829)  of  the  late  Dr.  Henry  may  still  be  consulted  with  advantage. 
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or  combine  with  three  equivalents  of  the  oxygen  of  tlie  nitric  acid, 
and  form  water,  while  the  two  equivalents  of  nitrogen  in  the  ammonia 
and  nitric  acid  combine  with  the  two  remaining  equivalents  of  the 
oxygen  of  the  latter  : — 


Before  decomposition. 


80  Nitrate  of  ammonia. 


,54  Nitric  acid. 


17  Ammonia. 


9  Water. 


Oxypren 

Oxyffen 

Oxvg-en 

Oxyfjen 

Oxyg-en 

Nitrogen 

/  Nitrogren 

J  Hydrofren 

j  Hydrogen 

I  Hydrogen 

Water 


After  decomposition. 

g -.22  Nitrous  oxid^. 

g •;>-':'; 22  Nitrous  oxide. 


89 


Or  in  symbols  : — 

NHg,  HO  +  N05=2NO  and  4H0, 

From  the  diagram  it  appears  that  80  grains  of  the  salt  yield  44 
grains  of  nitrous  oxide  and  35  grains  of  water.  One  grain  of  salt 
yields  rather  more  than  one  cubic  inch  of  gas. 

Properties, — Nitrous  oxide  possesses  the  usual  mechanical  pro- 
perties of  gases,  and  has  a  faint  agreeable  smell.  It  has  been  liquefied 
by  evolving  it  from  the  decomposition  of  the  nitrate  of  ammonia  in  a 
sealed  tube,  and  possessed  in  the  liquid  state  an  elastic  force  of  above 
50  atmospheres  at  45°.  The  gas  is  formed  by  the  union  of  a  com- 
bining measure,  or  2  volumes  of  nitrogen,  with  a  combining  measure, 
or  1  vohime  of  oxygen,  which  are  condensed  into  2  volumes^  the 
combining  measure  of  this  gas.  The  weight  of  a  single  volume,  or 
the  density  of  the  gas,  is  therefore  by  calculation — 
971.4  + 971-4 +  1105.6_-.  ^^^  ^ 

Cold  water  agitated  with  this  gas  dissolves  about  three-fourths  of  its 
volume  of  the  gas,  and  acquires  a  sweetish  taste,  but,  I  believe,  no 
stimulating  properties.  Bodies  which  burn  in  air,  burn  with  in- 
creased brilliancy  in  this  gas,  if  introduced  in  a  state  of  ignition.  A 
newly  blown  out  taper  with  a  red  wick  may  be  rekindled  in  it,  as  in 
oxygen.  Mixed  with  an  equal  bulk  of  hydrogen,  and  ignited  by 
flame  and  the  electric  spark,  it  detonates  violently.  In  all  these  cases 
of  combustion,  the  nitrous  oxide  is  decomposed,  its  oxygen  uniting 
with  the  combustible  and  its  nitrogen  being  set  free.  When  trans- 
mitted tlirough  a  red-hot  porcelain  tube,  nitrous  oxide  is  likewise 
decomposed  and  resolved  into  oxygen,  nitrogen,  and  the  peroxide  of 
nitrogen. 
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Nitrons  oxide  was  supposed  by  Davy  to  combine  with  alkalies, 
when  generated  in  contact  with  them,  but  these  compounds  have 
since  been  found  to  contain  nitrosulphuric  acid. 

This  gas  may  be  respired  for  two  or  three  minutes  without  incon- 
venience, and  when  the  gas  is  unmixed  with  air,  and  the  lungs  have 
been  well  emptied  of  air  before  respiring,  it  induces  an  agreeable 
state  of  reverie  or  intoxication,  often  accompanied  with  considerable 
excitement,  which  lasts  for  a  minute  or  two,  and  disappears  without 
any  unpleasant  consequences.  The  gas  from  an  ounce  and  a  half  or 
two  ounces  of  nitrate  of  ammonia  is  sufficient  for  a  dose,  and  it 
should  be  respired  from  a  bag  of  the  size  of  a  large  ox-bladder,  and 
provided  with  a  wooden  tube  of  an  inch  internal  diameter.  The 
volume  of  the  gas  diminishes  rapidly  during  the  inspiration,  and 
finally  only  a  few  cubic  inches  remain.  An  animal  entirely  confined 
in  this  gas  soon  dies  from  the  prolonged  effects  of  the  intoxication. 


BINOXIDE  OF  NITROGEN. 
Sy7l.  BINOXIDE,  OR  DEUTOXTDE  OF  AZOTE,  NITRIC   OXIDE. 


Eq.  88  or  375;  NOg;  density  1038-8; 


This  gas,  which  comes  off  during  the  action  of  nitric  acid  upon 
most  metals,  appears  to  have  been  collected  by  Dr.  Hales,  the  father 
of  pneumatic  chemistry,  but  its  properties  were  first  minutely  studied 
by  Dr.  Priestley. 

Preparation. — Binoxide  of  nitrogen  is  easily  procured  by  the 
action  of  nitric  acid  diluted  to  the  specific  gravity  1.2,  upon  sheet 
copper  clipped  into  small  pieces.  As  no  heat  is  required,  this  gas 
may  be  evolved  like  hydrogen  from  a  gas  bottle  (page  307).  Mer- 
cury may  be  substituted  for  copper,  but  it  is  then  necessary  to  apply 
a  gentle  heat  to  the  materials.  This  gas  may  be  collected  and  retained 
over  water  without  loss. 

In  dissolving  in  nitric  acid,  the  copper  takes  oxygen  from  one 
portion  of  acid  and  becomes  oxide  of  copper,  which  combines  with 
another  portion  of  acid,  and  forms  the  nitrate  of  copper,  the  solution 
of  which  is  of  a  blue  colour.  The  portion  of  nitric  acid  which  is  de- 
composed losing  three  equivalents  of  oxygen  and  retaining  two, 
appears  as  nitric  oxide  gas.  This  is  more  clearly  shown  in  the  fol- 
lowinsr  diacjram : — 


ACTION  OF  NITRLC  ACID  Ul'ON  COPPER. 
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ACTION  OV  NITRIC  ACID  UPON  COPPER. 


Before 


64  Nitric  acid 


32  Copper     . 
54  Nitric  acid 
32  Copper 
54  Nitric  acid 
32  Copper 
54  Nitric  acid 


decomposition. 
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After  decomposition. 

■'"'60  Binoxide  of  nitrogen. 
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94  Nitrate  of  copper. 
94  Nitrate  of  copper. 
94  Nitrate  of  copper. 
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Or  in  symbols  : — 

4NO5  and  3Cu=:3(Cu  0,  NO5)  and  NO2. 

Proj)erties. — This  gas  is  colourless,  but  wlien  mixed  with  air  it 
produces  ruddy  fumes  of  the  peroxide  of  nitrogen.  It  is  irritating, 
and  causes  the  glottis  to  contract  spasmodically  when  aji  attempt  is 
made  to  respire  it.  Nitric  oxide  has  never  been  liquefied  :  water  at 
60°,  according  to  Dr.  Henry,  takes  up  only  5  or  6  per  cent,  of  this 
gas.  It  is  formed  of  one  combining  measure  of  nitrogen  or  2 
volumes,  and  two  combining  measures  of  oxygen  or  2  volumes, 
united  without  condensation,  so  that  the  combining  measure  of  nitric 
oxide  contains  4  volumes.  The  weight  of  one  volume,  or  the  density 
of  the  gas,  is  tlierefore 


971.4  +  971.4  +  1105.6  +  1105.6. 
4 


:1038.5. 


Tliis  gas  is  not  decomposed  by  a  low  red  heat. 

Many  combustibles  do  not  burn  in  nitric  oxide,  although  it  con- 
tains half  its  volume  of  oxygen.  A  lighted  candle  and  burning 
sulphur  are  extinguished  by  it ;  mixed  with  hydrogen,  it  is  not  ex- 
ploded by  the  electric  spark  or  by  flame,  but  it  imparts  a  green  colour 
to  the  flame  of  hydrogen  burning  in  air.  Phosphorus  and  charcoal, 
however,  introduced  in  a  state  of  ignition  into  this  gas,  continue  to 
burn  with  increased  vehemence.  The  state  of  combination  of  the 
oxygen  in  this  gas  appears  to  prevent  that  substance  from  uniting 
with  combustibles,  unless,  like  the  two  last  mentioned,  they  evolve 
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SO  much  heat  as  to  decompose  the  nitric  oxide.  Several  of  the 
more  oxidable  metals,  such  as  iron,  withdraw  the  half  of  the  oxygen 
from  this  gas,  when  left  in  contact  with  it,  and  convert  it  into  nitrous 
oxide. 

^o  property  of  nitric  oxide  is  more  remarkable  than  its  attraction 
for  oxygen,  and  it  may  be  employed  to  separate  this  from  all  other 
gases.  Nitric  oxide  indicates  the  presence  of  free  oxygen  in  a 
gaseous  mixture,  by  the  appearance  of  fumes  which  are  pale  and 
yellow  with  a  small,  and  reddish  brown  and  dense  with  a  large  pro- 
portion of  the  latter  gas ;  and  also  by  a  subsequent  contraction  of 
the  gaseous  volume,  arising  from  the  absorption  of  these  fumes  by 
water.  Added  in  sufficient  quantity,  nitric  oxide  will  thus  withdraw 
oxygen  most  completely  from  any  mixture.  But  notwithstanding 
this  property,  nitric  oxide  cannot  be  employed  with  advantage  in  the 
analysis  of  air  or  similar  mixtures,  for  the  contraction  which  it  occa- 
sions does  not  afford  certain  data  for  determining  the  proportion  of 
oxygen  which  has  disappeared.  Nitric  oxide  is  capable  of  combining 
with  different  proportions  of  oxygen,  a  combining  measure  or  4 
volumes  of  the  gas  uniting,  in  such  experiments,  with  1,  2  or  3 
volumes  of  oxygen,  and  forming  nitrous  acid,  peroxide  of  nitrogen  or 
nitric  acid,  or  several  of  these  compounds  at  the  same  time. 

This  oxide  of  nitrogen,  like  the  preceding,  is  a  neutral  body,  and 
has  a  very  Hmited  range  of  affinity.  A  substance  is  left  on  igniting 
the  nitrate  of  potash  or  baryta,  which  was  supposed  to  be  a  com- 
pound of  nitric  oxide  with  potassium,  or  barium,  but  MitscherHch 
finds  it  to  be  either  the  caustic  protoxide  itself  or  the  peroxide  of  the 
metal.  But  nitric  oxide  is  absorbed  by  a  solution  of  the  sulphate  of 
iron,  which  it  causes  to  become  black ;  the  greater  part  of  the  gas 
may  be  expelled  again  by  boiling  the  solution.  All  the  soluble  proto- 
salts  of  iron  have  the  same  property,  and  the  nitric  oxide  remains 
attached  to  the  oxide  of  iron  wlien  precipitated  in  the  insoluble  salts 
of  that  metal.  The  proportion  of  nitric  oxide  in  these  combinations 
is  found  by  Peligot  to  be  definite ;  one  eq.  of  the  nitric  oxide  to  four 
of  the  protoxide  of  iron ;  or,  the  nitric  oxide  contains  the  proportion 
of  oxygen  required  to  convert  the  protoxide  into  sesquioxide  of  iron."^ 
Nitric  oxide  is  also  absorbed  by  nitric  acid.  With  sulphurous  acid 
nitric  oxide  forms  a  compound  which  will  be  more  particularly  noticed 
under  that  acid. 

*  Amiales  de  Chim.  ct  de  Phys.  t.  liv.  p.  17. 
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NITROUS  ACID. 

Sffn.  AZOTOUS  ACID  (Thetiard).     Eq.  38  or  475;  NO3. 

The   direct   mode  of  forming  this  compound   is   by  mixing   4' 
volumes  of  binoxide  of  nitrogen  with  1  volume  of  oxygen,  both  per- 
fectly dry,  and  exposing  the  mixture  to  a  great  degree  of  cold.     The 
gases  unite,  and  condense  into  a  liquid  of  a  green  colour,  which  is 
very   volatile,  and  forms  a  deep  reddish  yellow   coloured  vapour. 
Nitrous   acid  prepared  in  this  way  is  decomposed  at   once  when 
thrown  into  water ;  an  effervescence  occurring,  from  the  escape  of 
nitric  oxide,  and  nitric  acid  being  produced,  which  gives  stability  to  a 
portion  of  the  nitrous  acid.     Nitrous  acid  cainiot  be  made  to  unite 
directly  with  alkalies  and  earths,  probably  owing  to  the  action  of 
water  first  described.     But  when  oxygen  gas  is  mixed  with  a  large 
excess  of  nitric  oxide,  in  contact  with  a  solution  of  caustic  potash, 
the  gases  were  found  by  Gay-Lussac  always  to  disappear  in  the  pro- 
portions of  nitrous  acid,  which  was  produced  and  entered  into  com- 
bination  wdth   the  potash,  forming  a  nitrite  of  potash.      Similar 
nitrites  may  also  be  produced  by  calcining  the  nitrate  of  soda  till  the 
fused  salt  becomes  alkaline ;    or  by  boiling  the  nitrate  of  lead  with 
metalKc  lead.     The  nitrite  of  soda  may  be  dissolved  and  filtered,  and 
the  solution  precipitated  by  nitrate  of  silver ;  a  process  which  gives 
the  nitrite  of  silver,  a  salt  possessing  a  sparing  degree  of  solubility, 
like  that  of  cream  of  tartar,  but  which  may  be  purified  by  solution 
and  crystaUization,  and  then  afibrds  ready  means  of  obtaining  the 
other  nitrites  by  double  decomposition  (Mitscherlich) .     Nitrous  acid 
is  liberated  from  the  nitrites  by  acetic  acid.     When  free  sulphuric 
acid  is  added  to  a  solution  of  nitrite  of  silver,  the  disengaged  nitrous 
acid  is  immediately  resolved  into  nitric  acid  and  nitric  oxide.     The 
subnitrite  of  lead,  on  the  other  hand,  may  be  decomposed  by  the  bi- 
sulphate  of  potash  or  soda  to  obtain  a  neutral  nitrite  of  one  of  these 
bases  (Berzehus).     The  nitrites  of  potash  and  soda  are  soluble  in 
alcohol,  wlule  the  nitrates  are  not  so. 

Nitrous  acid  is  also  capable  of  combining  with  several  acids,  in 
particular  with  iodic,  nitric,  and  sulphuric  acids.  Its  combination 
with  the  last  is  obtained  by  sealing  up  together  liquid  sulphurous 
acid  and  peroxide  of  nitrogen  (NOJ  in  a  glass  tube.  In  the  course 
of  a  few  days  the  tube  may  be  opened  :  the  substances  are  combined. 


3 14  NITROGEN. 

and  form  a  solid  mass,  which  may  be  heated  up  to  (200°  C.)  its 
point  of  fusion.  At  a  higher  temperature  it  distils  without  altera- 
tion. In  this  experiment,  sulphurous  acid  acquires  an  equivalent  of 
oxygen,  and  becomes  sulphuric  acid,  while  peroxide  of  nitrogen  loses 
an  equivalent  of  oxygen,  and  becomes  nitrous  acid,  but  one  half 
only  of  the  latter  acid  formed  unites  with  sulphuric  acid,  the  compo- 
sition of  the  body  formed  being  NO3  +  2SO3.  The  reaction  is 
expressed  as  follows  : — 

2SO3  and  2N04=N03  +  2S03  and  NO3. 
This  compound  is  soluble  in  strong  oil  of  vitriol  without  decompo- 
sition; but  from  sulphuric  acid  somewhat  diluted  it  takes  water, 
and  forms  a  crystalline  substance,  which  often  appears  in  tlie  manu- 
facture of  sulphuric  acid,  as  we  shall  afterwards  find.  The  original 
solid  compound  is  decomposed  by  pure  water  or  highly  diluted 
sulphuric  acid,  and  the  sulphuric  and  nitrous  acids  become  free. 
The  tendency  of  nitrous  acid  to  combine  with  other  acids  has  already 
been  noticed,  as  assimilating  this  compound  of  nitrogen  to  arsenious 
acid  and  the  oxide  of  antimony  (page  172). 


PEROXIDE  OF  NITROGEN. 

Syn,  HYPONiTRic  ACID,  NITROUS  GAS  {Bcrzelius).     Eq.  46  or  575  ; 


NO4;  theoretical  defisity,  1591  3; 


This  compound  forms  the  principal  part  of  the  ruddy  fumes  which 
always  appear  on  mixing  nitric  oxide  with  air.  As  it  cannot  be 
made  to  unite  either  directly  or  indirectly  with  bases,  and  has  no  acid 
properties,  any  designation  for  this  oxide  of  nitrogen  which  implies 
acidity  should  be  avoided,  and  the  name  nitrous  acid  in  particular, 
which  is  applied  on  the  continent  to  the  preceding  compound.  The 
name  peroxide  of  nitrogen  is  more  in  accordance  with  the  rules  gene- 
rally followed  in  naming  such  compounds. 

Preparation, — When  4  volumes  of  nitric  oxide  and  2  of  oxygen, 
both  perfectly  dry,  are  mixed,  this  compound  is  alone  produced,  and 
the  six  volumes  of  mixed  gases  are  condensed  into  4  volumes,  which 
may  be  considered  the  combining  measure  of  peroxide  of  nitrogen. 
The  weight  of  1  volume,  or  the  density  of  this  gas,  must  therefore  be 

1038.5x4  +  110.5.6x2 

'  ~~       — loyi.o. 
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The  peroxide  of  nitrogen  is  also  contained  in  the  coloured  and 
fuming  nitric  acid  of  commerce,  and  may  be  obtained  in  the  liquid 
condition  by  gently  warming  that  acid,  and  condensing  the  vapour 
which  comes  over,  by  transmitting  it  through  a  glass  tube  surrounded 
by  ice  and  salt.  But  it  is  prepared  with  most  advantage  from  the 
nitrate  of  lead,  the  crystals  of  which,  after  being  pounded  and 
well  dried,  to  deprive  the  salt  of  hygrometric  water,  are  distilled 
in  a  retort  of  hard  glass,  or  porcelain,  at  a  red  heat,  and  the 
red  vapours  condensed  in  a  receiver  kept  very  cold  by  a  freezing 
mixture.  Oxygen  gas  escapes  during  the  whole  process,  the  nitric 
acid  of  the  nitrate  of  lead  being  resolved  into  oxygen  and  peroxide 
of  nitrogen;  or  ^05  =  ^0^  and  O.  As  obtained  by  the  last  pro- 
cess, which  was  proposed  by  Dulong,  peroxide  of  nitrogen  is  a 
highly  volatile  liquid,  boiling  at  82°,  of  a  red  colour  at  the  usual 
temperature,  orange  yellow  at  a  lower  temperature,  and  nearly  colour- 
less below  zero,  of  density  1*451,  and  a  white  solid  mass  at  —40°. 
It  is  exceedingly  corrosive,  and,  like  nitric  acid,  stains  the  skin 
yellow.  The  red  colour  of  its  vapour  becomes  paler  at  a  low  tem- 
perature, but  with  heat  increases  greatly  in  intensity,  so  as  to  appear 
quite  opaque  when  in  a  considerable  body  at  a  high  temperature.  It 
is  the  vapour  which  Brewster  observed  to  produce  so  many  dark 
lines  in  the  spectrum  of  a  ray  of  light  which  passes  through  it 
(page  106).  The  peroxide  is  not  decomposed  by  a  low  red  heat, 
and  appears  to  be  the  most  stable  of  the  oxides  of  nitrogen.  No 
compound  of  it  is  known,  unless  peroxide  of  nitrogen  be  the  radical, 
as  some  suppose,  of  nitric  acid.  But  Berzelius  is  inclined  to  consider 
this  oxide  as  itself  a  compound  of  nitric  and  nitrous  acids,  for 
N05  +  N03  =  2NO/. 

The  liquid  peroxide  of  nitrogen  is  partially  decomposed  by  water, 
nitric  oxide  coming  off  with  effervescence,  and  more  and  more  nitric 
acid  being  produced,  in  proportion  to  the  quantity  of  water  added ; 
but  a  portion  of  the  peroxide  always  escapes  this  action,  being  pro- 
tected by  the  nitric  acid  formed.  In  the  progress  of  this  dilution 
the  liquid  undergoes  several  changes  of  colour,  passing  from  red  to 
yellow,  from  that  to  green,  then  to  blue,  and  becoming  at  last 
colourless.  The  peroxide  of  nitrogen  is  readily  decomposed  by  the 
more  oxidable  metals,  and  is  a  powerful  oxidizing  agent. 

*  Traite  de  Chiraie,  par  J.  J.  Berzelius,  traduitc  par  MM.  Esslinger  ct  Iloeffer, 
Didot,  Paris,  1845.     An  excellent  edition  of  this  most  valuable  system  of  chemistry. 


34-6  NITROGEN. 


NITRIC  ACID. 

Syn.  AZOTIC  acid  [Thenard).     Eq,  54  or  675  ;  NOg;  doea  not 
exist  except  in  conibi/iation, 

A  knowledge  of  this  highly  important  acid  has  descended  from  the 
earliest  ages  of  chemistry,  but  its  composition  was  first  ascertained 
by  Cavendish,  in  1785.  He  succeeded  in  forming  nitric  acid  from 
its  elements,  by  transmitting  a  succession  of  electric  sparks  during 
several  days  through  a  small  quantity  of  air,  or  through  a  mixture  of 
1  volume  of  nitrogen  and  2^  volumes  of  oxygen,  confined  in  a  small 
tube  over  water,  or  over  solution  of  potash ;  in  the  last  case,  the 
absorption  of  the  gases  was  complete,  and  nitrate  of  potash  was 
obtained.  A  trace  of  this  acid  in  combination  with  ammonia  has 
been  detected  in  the  rain  of  thunder-storms,  produced  probably  in 
the  same  manner.  It  was  also  observed  by  Gay-Lussac  to  be  the 
sole  product  when  nitric  oxide  is  added,  in  a  gradual  manner,  to 
oxygen  in  excess  over  water ;  the  gases  then  unite,  and  disappear  in 
the  proportion  of  4  volumes  of  the  former  to  3  of  the  latter.  It  is 
also  a  constituent  of  the  salt,  nitre  or  saltpetre,  found  in  the  soil  of 
India  and  Spain,  which  is  a  nitrate  of  potash,  and  also  of  nitrate  of 
soda,  which  occurs  in  large  quantities  in  South  America. 

Prej)aration. — This  acid  cannot  exist  in  an  insulated  state,  but  is 
always  in  combination  with  water,  as  in  aqua  fortis  or  the  hydrate  of 
nitric  acid,  or  with  a  fixed  base,  as  in  the  ordinary  nitrates.  The 
hydrate,  (which  is  popularly  termed  nitric  acid,)  is  ehminated  from 
nitrate  of  potash  by  means  of  oil  of  vitriol,  which  is  itself  a  hydrate 
of  sulphuric  acid.  That  acid  unites  with  potash,  in  this  decomposi- 
tion, and  forms  sulphate  of  potash,  displacing  nitric  acid,  which  last 
brings  off  in  combination  with  itself  the  water  of  the  oil  of  vitriol. 
There  is  a  great  advantage,  first  pointed  out  by  Mr.  Phillips,  in 
using  two  equivalents  of  oil  of  vitriol  to  one  of  nitrate  of  potash, 
wliich  is  97  of  the  former  to  100  of  the  latter,  or  nearly  equal 
weights.  The  acid  and  salt,  in  these  proportions,  are  introduced  into 
a  capacious  plain  retort,  provided  with  a  flask  as  a  receiver.  Upon 
the  appHcation  of  heat,  a  little  of  the  nitric  acid  first  evolved  under- 
goes decomposition,  and  red  fumes  appear,  but  soon  the  vapours 
become  nearly  colourless,  and  are  easily  condensed  in  the  receiver. 
During  the  whole  distillation,  the  temperature  need  not  exceed  260°. 
The  mass  remains  pasty  till  all  the  nitric  acid  is  disengaged,  and  then 
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enters  into  fusion ;  red  vapours  again  appearing  towards  the  end  of 
the  process.  The  residuary  salt  is  the  bisulphate  of  potash,  or 
double  sulphate  of  water  and  potash^  HO.SO3  +  KO.SO3.  The  ra- 
tionale of  this  important  process  is  exhibited  in  the  following 
diagram :  — 


PROCESS    FOR    NITRIC    ACID. 


Before  decomposition. 
101   Nitrate  of  potash. 

49  Oil  of  vitriol. 
49  Oil  of  vitriol. 
199 


(Nitric  acid 
Potash     . 
( Water     . 


After  decomposition. 
54     ,  63  Nitric  acid  and  water. 


47 

(Sulphuric  acid    40 
Oil  ot  vitriol   .    49 


199 


87  Sulphate  of  potash  i  bisul.  of 
49  Sulphate  of  water.  /  potash. 

199 


In  tliis  operation  twice  as  much  sulphuric  acid  is  employed  as  is 
required  to  neutralize  the  potash  of  the  nitre,  by  which  means  the 
w^hole  nitric  acid  is  eliminated  without  loss  at  a  moderate  tempera- 
ture, and  a  residuary  salt  is  left  which  is  easily  removed  from  the 
retort. 

With  half  the  preceding  quantity,  or  a  single  equivalent  of  oil  of 
vitriol,  the  materials  in  the  retort  are  apt  to  undergo  a  vesicular 
swelling,  upon  the  application  of  heat,  and  to  pass  into  the  receiver. 
Abundance  of  ruddy  fumes  are  also  evolved,  that  are  not  easily 
condensed,  and  prove  that  the  nitric  acid  is  decomposed.  The  tem- 
perature in  this  process  must  also  be  raised  inconveniently  high  to- 
wards the  end  of  the  operation,  in  order  to  decompose  the  whole 
nitre.  The  peculiarities  of  the  decomposition  here  arise  from  the 
formation  of  bisulphate  of  potash  in  the  operation,  the  whole  sul- 
phuric acid  uniting  in  the  first  instance  with  half  the  potash  of 
the  nitre.  Now,  it  is  only  at  an  elevated  temperature  that  the 
acid  salt  thus  formed  can  decompose  the  remaining  nitre;— a  tem- 
perature which  is 
sufficient  to  de- 
compose nitric  acid, 
as  may  be  proved 
by  transmitting  the 
vapour  of  the 
concentrated  acid 
through  a  tube 
heated  to  the  same 
degree. 


Fig.  109. 


Fig.  110. 
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Ordinary  nitric  acid  for  manufacturing  purposes  is  generally  pre- 
pared by  distilling  nitrate  of  soda  with  an  equivalent  of  sulpliuric 
acid  not  at  its  highest  degree  of  concentration  in  a  large  cylinder  of 
cast  iron  c  (fig.  109_,  page  347),  supported  in  brickwork  over  a  fire. 
Both  ends  of  the  cylinder  are  moveable,  and  generally  consist  of 
circular  discs  of  stone.  The  nitric  acid  which  distils  over  is  con- 
densed in  a  series  of  large  vessels  of  salt-glaze  ware,  of  the  form  of 
Woulf  bottles,  of  w^iich  one,  V,  is  shewn  in  the  figure. 

The  iron  cylinders  are  generally  so  supported  that  two  of  them 
are  heated  by  one  fire,  as  in  fig.  110,  which  is  a  sectional  view  of 
three  pairs  of  such  retort 
cylinders.  The  iron  of 
the  vault  or  roof  of  the 
cylinder  is  most  apt  to  be 
corroded  by  the  acid  va- 
pours, and  is  therefore 
protected  by  a  coating  of 
fire-clay  or  of  tiles  of  the 
same  material  cemented 
together. 

Froperties, — The  acid  prepared  by  the  first  process  is  colourless, 
or  has  only  a  straw  yellow  tint.  If  the  oil  of  vitriol  has  been  in 
its  most  concentrated  condition,  which  is  seldom  the  case,  the 
nitric  acid  is  in  its  state  of  highest  concentration  also,  and  contains 
no  more  than  a  single  equivalent  of  water.  The  density  of  this 
acid  is  1.522  at  58°;  but  a  slight  heat  disengages  a  little  peroxide 
of  nitrogen  from  it,  and  its  density  becomes  1.251  (Mitscherhch) . 
The  density  of  the  strongest  colourless  nitric  acid  which  Mr.  Arthur 
Smith  could  prepare  was  1.517  at  60°;  it  boiled  at  184°,  and 
came  within  1  per  cent,  of  the  protohydrate  in  composition,  (Cliem. 
Mem.  iii,  402).  When  distilled,  it  is  partially  decomposed  by  the 
heat,  and  affords  a  product  of  a  strong  yeUow  colour.  Its  vapour 
transmitted  through  a  porcelain  tube,  heated  to  dull  redness,  is 
decomposed  in  a  great  measure  into  oxygen  and  peroxide  of  nitro- 
gen ;  and  into  oxygen  and  nitrogen  gases,  when  the  tube  is  heated 
to  whiteness.  The  colourless  liquid  acid  becomes  yellow,  when 
exposed  to  the  rays  of  the  sun,  and  on  loosening  the  stopper  of 
the  bottle  it  is  sometimes  projected  wdth  force,  from  the  state  of 
compression  of  the  disengaged  oxygen.  Hence  to  preserve  this 
acid  colourless  it  must  be  kept  in  a  covered  bottle.  It  congeals  at 
about  — 40°,  but  diluted  with  half  its  weight  of  water,  it  becomes 
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solid  at  1  J°,  and  with  a  little  more  water  its  freezing  point  is  again 
lowered  to  — 45°  Exposed  to  the  air,  the  concentrated  acid  fumes, 
from  the  condensation  by  its  vapour  of  the  moisture  in  the  atmos- 
phere. It  also  attracts  moisture  from  damp  air,  and  increases  in 
weight ;  and  when  suddenly  mixed  with  3-4ths  of  its  weight  of 
water,  may  rise  in  temperature  from  60°  to  140°. 

Nitric  acid  has  a  great  affinity  for  water,  and  diminishes  in  den- 
sity with  the  proportion  of  water  added  to  it.  A  table  has  been 
constructed  in  which  the  per  centage  of  absolute  acid  is  expressed 
in  mixtures  of  various  densities,  which  is  useful  for  reference  and 
will  be  given  in  an  appendix.  There  appears  to  be  no  definite  hy- 
drate of  this  acid  between  the  first  (the  nitrate  of  water),  and  that 
containing  3  eq.  of  water  additional  (A.  Smith).  The  first  has  no 
action  upon  tin  or  iron.  The  second  is  acid  of  density  1.424,  which 
therefore  contains  4  eq.  of  water.  This  last  hydrate  was  found  by 
Dr.  Dalton  to  have  the  highest  boiling  point  of  any  hydrate  of  nitric 
acid  :  it  is  250°,  and  both  weaker  and  stronger  acids  are  brought  to 
this  strength  by  continued  ebullition,  the  former  losing  water  and 
the  latter  acid.  The  density  of  the  vapour  of  this  hydrate  is  found 
to  be  1243  by  A.  Bineau,  and  it  contains  2  volumes  of  nitrogen, 
5  volumes  of  oxygen,  and  8  volumes  of  steam  condensed  into  10 
volumes,  which  are  therefore  the  combining  measure  of  this  vapour."^ 

Nitric  acid  is  exceedingly  corrosive,  and  one  of  the  strongest  acids, 
yielding  only  in  that  respect  to  sulphuric  acid.  The  facihty  with 
which  it  parts  with  its  oxygen  renders  it  very  proper  for  oxidating 
bodies  in  the  humid  way,  a  purpose  for  which  it  is  constantly  em- 
ployed. Nearly  all  the  metals  are  oxidized  by  means  of  it ;  some  of 
them  with  extreme  violence,  such  as  copper,  mercury,  and  zinc,  when 
the  concentrated  acid  is  used ;  and  tin  and  iron  by  the  acid  very 
slightly  diluted.  Poured  upon  red  hot  charcoal,  it  causes  a  brilliant 
combustion.  When  mixed  with  a  fourth  of  its  bulk  of  sulphuric 
acid,  and  thrown  upon  a  few  drops  of  oil  of  turpentine,  it  occasions 
an  explosive  combustion  of  the  oil.  Sulphur  digested  in  nitric  acid 
at  the  boiling  point  is  raised  to  its  highest  degree  of  oxidation  and 
becomes  sulphuric  acid;  iodine  is  also  converted  by  it  into  iodic 
acid.  Most  vegetable  and  animal  substances  are  converted  by  nitric 
acid  into  oxahc  and  carbonic  acids.  It  stains  the  cuticle  and  nails 
of  a  yellow  colour,  and  has  the  same  effect  upon  wool;  the  orange 

*  Annales  de  Chim.  et  de  Phys.  kviii.  p.  418. 
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patterns  upon  woollen  table  covers  are  produced  by  means  of  it.  In 
the  undiluted  state  it  forms  a  powerful  cautery. 

In  acting  upon  the  less  oxidable  metals,  such  as  copper  and  mer- 
cury, nitric  acid  is  itself  decomposed,  and  nitric  oxide  gas  produced, 
which  comes  off  with  effervescence.  Palladium  and  silver,  when  they 
are  dissolved  by  the  acid  in  the  cold,  produce  nitrous  acid  in  the 
liquor  and  evolve  no  gas,  but  this  is  very  unusual  in  the  solution  of 
metals  by  nitric  acid.  Those  metals,  such  as  zinc,  which  are  dis- 
solved in  diluted  acids  with  the  evolution  of  hydrogen,  act  in  two 
ways  upon  nitric  acid ;  sometimes  they  decompose  it,  so  as  to  disen- 
gage a  mixture  of  peroxide  of  nitrogen  and  nitric  oxide,  and  at 
other  times  they  decompose  both  water  and  nitric  acid  at  once,  in 
such  proportions  that  the  hydrogen  of  the  \vater  combines  with  the 
nitrogen  of  the  acid  to  form  ammonia,  which  last  combines  with 
another  portion  of  acid,  and  is  retained  in  the  liquor  as  nitrate  of 
ammonia.  The  protoxide  of  nitrogen  is  also  evolved  when  zinc  is 
dissolved  in  very  feeble  nitric  acid,  which  may  arise  from  the  action 
of  hydrogen  upon  nitric  oxide.  Nitric  acid,  in  its  highest  state  of 
concentration,  exerts  no  violent  action  upon  certain  organic  sub- 
stances, such  as  lignin  or  woody  fibre  and  starch,  for  a  short  time, 
but  unites  with  them  and  forms  singular  compounds.  A  proper  acid 
for  such  experiments  is  procured  with  most  certainty  by  distilling 
100  parts  of  nitre,  with  no  more  than  60  parts  of  the  strongest  oil 
of  vitriol.  If  paper  is  soaked  for  one  minute  in  such  an  acid,  and 
afterwards  washed  with  water,  it  is  found  to  shrivel  up  a  little  and 
become  nearly  as  tough  as  parchment,  and  when  dried  to  be  remark- 
ably inflammable,  catching  fire  at  so  low  a  temperature  as  356°,  and 
burning  mthout  any  nitrous  odour  (Pelouze.)  Or  if  the  strong 
undiluted  nitric  acid  of  commerce  be  mixed  with  an  equal  weight  of 
oil  of  vitriol,  and  cotton  wool  be  immersed  in  the  mixture  for  a 
minute  or  two  and  afterwards  washed  with  water,  it  is  converted 
into  gun-cotton,  without  injury  to  the  cotton  fibre  (Schonbein). 

Nitric  acid  forms  an  important  class  of  salts,  the  nitrates,  which 
occasion  deflagration  when  fused  with  a  combustible  at  a  high  tem- 
perature, from  the  oxygen  in  their  acid,  and  are  remarkable  as  a 
class  for  their  general  solubility,  no  nitrate  being  insoluble  in  water. 
The  nitrate  of  the  black  oxide  of  mercury  is  perhaps  the  least  solu- 
ble of  these  salts.  The  nitrates  of  potash,  soda,  ammonia,  baryta, 
and  strontia,  are  anhydrous ;  but  the  nitrates  of  the  extensive  mag- 
nesian  class  of  oxides  all  contain  water  in  a  state  of  intimate  com- 
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binatioii,  and  Imve  a  formula  analogous  to  that  of  hydrated  nitric 
acid,  or"  the  nitrate  of  water  itself.  Of  the  four  atoms  of  water  con- 
tained in  hjdrated  nitric  acid  of  sp.  gr.  1.42,  one  is  combined  with 
the  acid  as  base,  and  may  be  named  basic  water,  while  the  other 
three  are  in  combination  with  the  nitrate  of  water,  and  may  be 
termed  the  conMitutioiml  water  of  that  salt.  The  same  three  atoms 
of  constitutional  water  are  found  in  all  the  magnesian  nitrates,  with 
the  addition  often  of  another  three  atoms  of  water,  as  appears  from 
the  following  formulae  : — 

Nitric  acid,  1.42.  .         .  .  HO.NOg  +  SHO 

Prismatic  nitrate  of  copper.     .  .  CuO.NOg  +  SHO 

Hhomboidal  nitrate  of  copper.  .  CuO.iVOg  +  SHO-f-SHO 

Nitrate  of  magnesia.      .         .  .  MgO.NOg  +  SHO  +  SHO 

It  is  doubtful  whether  the  proportion  of  constitutional  water  in 
any  of  these  nitrates  can  be  reduced  below  3  atoms  by  heat  without 
the  loss  of  a  portion  of  nitric  acid  at  the  same  time,  and  the  partial 
decomposition  of  the  salt.  The  nitrates  of  the  potash  and  magne- 
sian classes  do  not  combine  together,  and  no  double  nitrates  are 
known,  nor  nitrates  with  excess  of  acid.  The  nitrates  with  excess 
of  metallic  oxide,  which  are  called  subnitrates,  appear  to  be  formed 
on  the  type  of  the  magnesian  class  :  the  subnitrate  of  copper,  being 
CuO.NOg  +  SCuO.SHO  (Gerhardt),  or  nitrate  of  copper  with  3 
atoms  hydrated  oxide  of  copper.  The  water  is  strongly  retained, 
and  requires  a  temperature  of  300°  to  expel  it.  The  nitrate  of  red 
oxide  of  mercury  is  HgO.NOg  +  HgO    (Kane.) 

Nitric  acid  in  a  solution  cannot  be  detected  by  precipitating  that 
acid  in  combination  with  any  base,  as  the  nitrates  are  all  soluble,  so 
that  tests  of  another  nature  must  be  had  recourse  to,  to  ascertain 
its  presence.  A  highly  diluted  solution  of  sulphate  of  indigo  may 
be  boiled  without  change,  but  on  adding  to  it  at  the  boiling  tem- 
perature a  liquid  containing  free  nitric  acid,  the  blue  colour  of  the 
indigo  is  soon  destroyed.  If  it  is  a  neutral  nitrate  which  is  tested, 
a  little  sulphuric  acid  should  be  added  to  the  solution,  to  liberate 
the  nitric  acid,  before  mixing  it  with  the  sulphate  of  indigo.  It  is 
also  necessary  to  guard  against  the  presence  of  a  trace  of  nitric  acid 
in  the  sulphuric  acid.  Another  test  of  the  presence  of  nitric  acid 
has  been  proposed  by  De  Richemont.  The  liquid  containing 
the  nitrate  is  mixed  with  rather  more  than  an  equal  bulk  of  oil  of 
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vitriol,  and  when  the  mixture  has  become  cool,  a  few  drops  of  a 
strong  solution  of  protosulphate  of  iron  are  added  to  it.  Nitric 
oxide  is  evolved,  and  combines  with  the  protosulphate  of  iron,  pro- 
ducing a  rose  or  purple  tint  even  when  the  quantity  of  nitric  acid  is 
very  small.  One  part  of  nitric  acid  in  24,000  of  water  has  been 
detected  in  this  manner.  Free  nitric  acid  also  is  incapable  of  dis- 
solving gold-leaf,  although  heated  upon  it,  but  acquires  that  property 
when  a  drop  of  hydrochloric  acid  is  added  to  it.  But  in  testing  the 
presence  of  this  acid,  it  is  always  advisable  to  neutralize  a  portion  of 
the  liquor  vdth  potash,  and  to  evaporate  so  as  to  obtain  the  thin 
prismatic  crystals  of  nitre,  which  may  be  recognised  by  their  form, 
by  their  cooling  nitrous  taste,  their  power  to  deflagrate  combustibles 
at  a  red  heat,  and  by  the  characteristic  action  of  the  acid  they  con- 
tain, when  liberated  by  sulphuric  acid,  upon  copper  and  other  metals, 
in  which  ruddy  nitrous  fumes  are  produced. 

If  nitric  acid  be  rigidly  pure,  it  may  be  diluted  with  distilled 
water,  and  is  not  disturbed  by  nitrate  of  silver,  nor  by  chloride  of 
barium,  the  first  of  which  discovers  the  presence  of  hydrochloric  acid  by 
producing  a  white  precipitate  of  chloride  of  silver ;  the  last  discovers 
sulphuric  acid  by  forming  the  white  insoluble  sulphate  of  baryta. 
The  fuming  nitric  acid  may  be  freed  from  hydrochloric  acid,  by 
retaining  it  warm  on  a  sand-bath  for  a  day  or  two,  when  the  chlorine 
of  the  hydrochloric  acid  goes  off  as  gas.  To  free  it  from  sulphuric, 
it  should  be  diluted  with,  a  little  water,  and  distilled  from  n"trate  of 
baryta;  but  the  process  for  nitric  acid  which  has  been  described 
gives  it  without  a  trace  of  sulphuric  acid,  when  carefully  conducted. 

Uses. — Nitric  acid  is  sometimes  used  in  the  fumigations  required 
for  contagious  diseases,  particularly  in  wards  of  hospitals  from  which 
the  patients  are  not  removed,  tlie  fumes  of  this  acid  being  greatly 
less  irritating  than  those  of  chlorine.  Tor  the  purpose  of  fumigation, 
pounded  nitre  and  concentrated  sulphuric  acid  are  used,  being  heated 
together  in  a  cup.  Nitric  acid  is  par  excellence  the  solvent  of 
metals,  and  has  other  most  numerous  and  varied  applications  not 
only  in  chemistry,  but  likewise  in  the  arts  and  manufactures. 
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NITROGEN  AND   HYDROGEN AMMONIA. 


Eq,  17  or  212.5  ;   lig  N;  </6';«&%  596.7; 


With  hydrogen,  nitrogen  forms  a  remarkable  gaseous  compounds- 
ammonia,  which  derives  its  name  from  sal  ammoniac,  a  salt  from 
which  it  is  generally  extracted,  and  which  again  was  so  named  from 
being  first  prepared  in  the  district  of  Ammonia,  in  Lybia.  Ammonia 
is  produced  in  the  destructive  distillation  of  all  organic  matters  con- 
taining nitrogen,  which  has  given  rise  to  one  of  its  popular  names, 
the  Spirits  of  Hartshorn.  It  is  also  produced  during  the  putrefaction 
of  the  same  matters,  and  finds  its  way  into  the  atmosphere  (page  336). 
A  trace  of  it  is  always  found  in  the  native  oxides  of  iron,  in  the 
varieties  of  clay,  and  in  some  other  minerals. 

Nitrogen  and  hydrogen  mixed  together  do  not  exhibit  any  dispo- 
sition to  combine,  even  when  heated ;  but  if  electric  sparks  be  taken 
through  a  mixture  of  those  gases,  particularly  with  the  presence  of 
any  acid  vapour,  a  sensible  trace  of  a  salt  of  ammonia  is  produced. 
Hydrogen,  however,  if  evolved  in  contact  with  nitrogen,  will  in  cer- 
tain circumstances  form  ammonia.  Thus  in  the  rusting  of  iron  in 
water  containing  air  or  nitrogen  and  carbonic  acid,  the  hydrogen 
which  is  then  evolved  from  the  decomposition  of  the  water,  appears 
to  combine  in  its  nascent  state  with  nitrogen.  If,  while  zinc  is  dis- 
solving in  dilute  sulphuric  acid,  nitric  acid  be  added  drop  by  drop 
till  the  evolution  of  hydrogen  gas  ceases,  the  latter  will  be  found  to 
have  united  with  the  nitrogen  of  the  nitric  acid,  and  much  ammonia 
to  be  formed ;  the  oxygen  of  the  nitric  acid  combining  with  hydro- 
gen also,  to  form  water,  at  the  same  time.  If  the  proportion  of 
nitric  acid  be  relatively  small,  Mr.  Nesbitt  finds  that  it  may  be  en- 
tirely converted  into  ammonia  in  this  manner.  When  zinc  is  dis- 
solved in  nitric  acid  alone,  which  is  neither  much  diluted  nor  very 
strong,  but  in  an  intermediate  condition,  the  same  suppression  of 
hydrogen  and  formation  of  ammonia  is  observed. 

Preparation. — In  a  state  of  purity,  ammonia  is  a  gas,  of  which 
the  well-known  liquor  or  aqua  ammonice  is  a  solution  in  water. 
This  solution,  which  is  of  constant  use  as  a  reagent,  is  prepared  by 
mixing  intimately  sal  ammoniac  (hydrochlorate  of  ammonia)  with  an 
equal  weight  of  slaked  lime,  introducing  the  mixture  into  a  glass 
retort  or  bolt-head,  'which  is  afterwards  filled  up  with  slaked  lime 
(A,  fig.   Ill),  and  distiUing  by  the  diff'used  heat  of  a  chauffer  or 
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sand-pot.  If  recourse  is  had  to  the  gas-flame,  the  heat  may  be  con- 
veniently diffused  by  placing  the  burner  within  a  cylinder  of  sheet 
iron  about  14  inches  in  height,  as  represented  in  the  figure,  with  a 
perforated  stage  B,  covered  with  small  fragments  of  pumice-stone,  on 
which  the  flask  A  is  supported.  Ammoniacal  gas  comes  off,  which 
should  be  conducted  into  a  quantity  of  distilled  water  in  the  bottle 
C,  to  condense  it,  equal  to  the  weight  of  the  salt  employed.  Chloride 
of  calcium  and  the  excess  of  lime  remain  in  the  retort,  and  a  consi- 
derable quantity  of  water  is  liberated  in  the  process,  and  distils  over 
with  the  ammonia.  This  reaction  is  explained  in  the  following 
diagram : — 

PROCESS  FOR  AMMONIA. 


Before  decomposition 

53.5  Hydrochlorate 
of  ammonia 


28     Lime 


Hydrogen 
Chlorine 
Oxygen 
Calcium 


After  decomposition. 

17     Ammonia. 


.9       Water. 
.55.5Clilorideof 
—     calcium. 
81.5  81.5  81.5 

Or  in  symbols :  N  H4  CI  and  Ca  0=N  H3  with  H  0  and  CaCl. 


To  obtain  ammoniacal  gas,  a  portion  of  the  solution  prepared  by 
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Fig.  112. 


the  preceding  process  may  be  introduced  into  a  small  plain  retort,  A 
(fig.  ]  12),  by  means  of  the  long  funnel  B  ;  and  the  short  bent  tube 
C  being  adapted  by  a  perforated  cork  to  the 
mouth  of  the  retort,  the  liquid  is  boiled  by  a 
gentle  heat,  when  the  gas  is  first  expelled  from 
its  superior  volatility,  and  collected  in  a  jar  filled 
with  mercury,  and  inverted  over  the  mercurial 
trough  (fig.  113).  Or  the  gas  may  be  derived 
at  once  from  sal  ammoniac,  mixed  with  twice  its 
weight  of  quicklime  in  a  small  retort,  and  col- 
lected over  mercury. 

Properties. — -Ammonia  is  a  colourless  gas,  of 
a  strong  and  pungent  odour,  familiar  in  spirits 
of  hartshorn.  It  is  composed  of  2  volumes  of 
nitrogen  and  6  of  hydrogen,  condensed  into  4 
volumes,  which  form  the  combining  measure  of 
this  gas.  Ammonia  is  resolved  into  its  consti- 
tuent gases,  in  these  proportions,  when  trans- 
mitted through  an  ignited  porcelain  tube  con- 
taining platinum,  iron,  or  copper  wire.  The  two 
latter  metals  absorb  a  little  nitrogen  (Despretz), 
and  become  brittle,  but  the  platinum  remains 
unaltered.  By  a  pressure  of  6.5  atmospheres,  at 
50°,  it  is  condensed  into  a  transparent  colourless 
Fig.  113. 
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liquid^  of  which  the  sp.  gr.  is  0.731  at  60°.  Ammoniacal  gas  is  in- 
flammable in  air  in  a  low  degree^  burning  in  contact  with  the  flame  of 
a  taper.  A  small  jet  of  this  gas  will  also  burn  in  oxygen.  A  mixture 
of  ammoniacal  gas  with  an  equal  volume  of  nitrous  oxide  may  be 
detonated  by  the  electric  spark,  and  affords  water  and  nitrogen. 
Water  is  capable  of  dissolving  about  500  times  its  volume  of  ammo- 
niacal gas  in  the  cold,  and  the  solution  is  always  specifically  lighter, 
and  has  a  lower  boiling  point  than  pure  water.  According  to  the 
observations  of  Davy,  solutions  of  sp.  gr.  0.872,  0.9054,  and  0.9692, 
contain  respectively  32.5,  25.37  and  9.5  per  cent,  of  ammonia.  Mr. 
Griffin,  who  has  constructed  a  table  of  the  densities  of  solutions  of 
ammonia  from  experiment,  finds  that  no  sensible  condensation  of 
volume  occurs  in  these  mixtures,  and  that  their  densities  are  the 
mean  of  those  of  water  (1)  and  anhydrous  hquid  ammonia,  supposing 
the  latter  to  be  0.7083  at  62"^  (Mem.  Chem.  Soc.  iii.  189).  Ammo- 
niacal gas  is  also  largely  soluble  in  alcohol. 

Solution  of  ammonia  has  an  acrid  alkaline  taste,  and  produces 
blisters  on  the  tongue  and  skin.  When  cooled  slowly  to  — 40°,  it 
crystallizes  in  long  needles  of  a  silky  lustre.  The  solution  has  a 
temporary  action  upon  turmeric  paper,  which  it  causes  to  be  brown 
while  humid ;  it  also  restores  the  blue  colour  of  litmus  reddened  by 
an  acid,  changes  the  blue  colour  of  the  infusion  of  red  cabbage  into 
green,  and  neutralizes  the  strongest  acids,  properties  which  it  pos- 
sesses in  common  with  the  fixed  alkalies.  It  is  distinguished  as  the 
volatile  alkali.  When  ammonia  is  free,  it  may  always  be  discovered, 
by  its  odour,  by  forming  dense  white  fumes  with  hydrochloric  acid, 
and  by  producing  a  deep  blue  solution  with  salts  of  copper. 

Ammonia,  in  solution,  is  decomposed  by  chlorine,  with  the  evolu- 
tion of  nitrogen  gas  and  formation  of  hydrochlorate  of  ammonia : 
when  ammonia  and  chlorine,  both  in  the  state  of  gas,  are  mixed 
together,  the  action  that  ensues  is  attended  with  flame.  Dry  iodine 
absorbs  ammoniacal  gas,  and  forms  a  brown  viscous  liquid,  which 
water  decomposes,  dissolving  out  hydriodate  of  ammonia,  and  leav- 
ing a  black  powder,  which  is  the  explosive  iodide  of  nitrogen. 

Ammonia  forms  several  classes  of  compounds  with  acids  and  salts 
(page  202),  and  exhibits  highly  curious  reactions  with  many  other 
substances,  which  do  not  admit  of  being  discussed  so  early,  but  which 
I  shall  return  to  later  in  the  work. 
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CAllBON. 

Eq.  6  ^/'  75  ;  C;  den  situ  of  vapour  {hypothetical)  416 


Carbon  is  found  in  great  abundance  in  the  mineral  kingdom  united 
with  other  substances,  as  in  coal,  of  which  it  is  the  basis,  and  in  the 
acid  of  carbonates :  it  is  also  the  most  considerable  element  of  the 
solid  parts  of  both  animals  and  vegetables.  It  exists  in  nature,  or 
may  be  obtained  by  art,  under  a  variety  of  appearances,  and  possessed 
of  very  different  physical  properties.  Carbon  is  a  dimorphous  body, 
occurring  crystallized  in  the  diamond  and  graphite  in  wholly  different 
forms,  and  when  artificially  produced  forming  several  amorphous 
varieties  of  charcoal  which  are  very  unlike  each  other. 

Diamond. — This  valuable  gem  is  found  throughout  the  range  of 
the  Ghauts  in  India,  but  chiefly  at  Golconda,  in  Borneo,  and  also  in 
Brazil.  It  is  always  associated  with  transported  materials,  such  as 
rolled  gravel,  or  found  in  a  sort  of  breccia  or  pudding-stone,  com- 
posed of  fragments  of  jasper,  quartz,  and  calcedony,  so  that  it  is  still 
a  question  whether  the  diamond  is  of  mineral  or  vegetable  origin. 
On  removing  the  crust  with  which  the  crystals  are  covered,  they 
are  exceedingly  brilliant,  refract  light  powerfully,  and  are  gene- 
rally perfectly  transparent,  although  diamonds  are  sometimes  black, 
blue,  and  of  a  beautiful  rose-colour.  The  primitive  form  of  diamond 
is  the  regular  octohedron,  or  two  four-sided  pyramids,  of  which  the 
faces  are  equilateral  triangles,  applied  base  to  base  (fig.  53,  page  166). 
It  is  more  frequently  found  in  the  pyramidal  octohedron, — a  figure 
bounded  by  24  sides,  which  presents  the  general  aspect  of  a  regular 
octohedron,  on  every  facet  of  which  has  been  placed  a  low  pyramid 
of  three  facets ;  or,  each  facet  of  the  octohedron  is  replaced  by  6 
secondary  triangles,  and  the  crystal  becomes  almost  spherical,  and 
presents  48  facets.  These  facets  often  appear  curved  from  the  effect 
of  attrition.  The  diamond  can  always  be  cleaved  in  the  direction  of 
the  faces  of  the  octohedron,  which  possess  that  particular  briUiancy 
characteristic  of  the  diamond.  It  is  the  hardest  of  the  gems.  An 
edge  of  its  crystal  formed  by  flat  planes  only  scratches  glass,  but  if  the 
edge  is  formed  of  curved  faces,  like  the  edge  of  a  convex  lens,  it 
then,  besides  abrading  the  surface,  produces  a  fissure  to  a  small 
depth,  and  in  the  form  of  the  glazier's  diamond  is  used  to  cut  glass. 
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The  weight  of  diamonds  is  generally  estimated  by  the  carats  which  is 
about  3.2  grains.  The  diamond  is  remarkably  indestructible,  and 
may  be  heated  to  whiteness  in  a  covered  crucible  without  injury,  but 
it  begins  to  burn  in  the  open  air,  at  about  the  melting  point  of  silver, 
charcoal  sometimes  appearing  on  its  surface,  and  is  entirely  converted 
into  carbonic  acid  gas.  When  heated  to  the  highest  degree  between 
the  charcoal  points  of  a  strong  voltaic  battery,  the  diamond  swells  up 
considerably,  and  divides  into  portions.  After  cooling  it  is  found 
entirely  altered  in  appearance,  having  become  of  a  metallic  gray, 
friable,  and  resembling  in  every  respect  the  coke  from  bituminous 
coal.  This  experiment  appears  to  show  that  a  high  temperature  is 
unfavourable  to  the  existence  of  diamonds,  and  that  they  cannot 
therefore  be  originally  formed  at  a  very  elevated  temperature.  The 
diamond  is  quickly  consumed  in  fused  nitre,  when  the  carbonic 
acid  is  retained  by  the  potash ;  this  is  a  simple  mode  of  analyzing 
the  diamond,  by  which  it  has  been  proved  to  be  pure  carbon.  The 
diamond  is  a  non-conductor  of  electricity.  Its  density  varies  from 
3.5  to  3.55. 

Graphite.  — This  mineral,  which  is  also  known  as  Black  Lead  and 
Plumbago,  occurs  in  rounded  masses  deposited  in  beds  in  the  primi- 
tive formations,  particularly  in  granite,  mica- schist,  and  primitive 
limestone.  Borrowdale  in  Cumberland  is  a  celebrated  locality  of 
graphite,  and  affords  the  only  specimens  which  are  sufficiently  hard 
for  making  pencils.  It  is  occasionally  found  crystallized  in  plates 
which  are  six-sided  tables.  Graphite  may  also  be  produced  arti- 
ficially, by  putting  an  excess  of  charcoal  in  contact  with  fused  cast 
iron,  when  a  portion  of  the  carbon  dissolves,  and  separates  again  on 
cooling,  in  the  form  of  large  and  beautiful  leaflets.  In  the  condition 
of  graphite,  carbon  is  perfectly  opaque,  soft  to  the  touch,  possessed 
of  the  metallic  lustre,  and  of  a  specific  gravity  from  1.9  to  2.3.  It 
always  contains  iron  and  manganese,  apparently  in  the  state  of  oxides, 
and  in  combination  with  silicic  and  titanic  acids,  sometimes  to  the 
extent  of  28  per  cent.,  but  in  some  specimens,  as  in  those  from  Barreros 
in  Brazil,  not  more  than  a  trace  of  those  metals  is  found,  which  is  to  be 
considered  an  accidental  constituent,  and  not  essential  to  the  mineral. 
Neither  in  the  form  of  diamond  nor  graphite  does  carbon  exhibit  any 
indication  of  fusion  or  volatility  under  the  most  intense  heat. 
Anthracite  is  often  nearly  pure  carbon,  but  always  contains  a  portion 
of  hydrogen,  and  is  related  to  bituminous  coal,  and  not  to  graphite. 

Charcoal. — Owing  to  its  infusibility  carbon  presents  itself  under 
a  variety  of  aspects,  according  to  the  structure  of  the  substance  from 
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which  it  is  derived,  and  the  accidental  circumstances  of  its  prepara- 
tion. The  following  are  the  principal  varieties  :  gas  carbon,  lamp 
black,  wood  charcoal,  coke,  and  ivory  black. 

1.  Gas  carbon  has  the  metallic  lustre,  and  a  density  of  1.76 ;  it  is 
compact,  generally  of  a  mammillated  structure,  but  sometimes  in  fine 
fibres,  and  considerably  resembles  graphite,  but  is  too  hard  to  give  a 
streak  upon  paper.  It  is  the  product  of  a  slow  deposition  of  carbon 
from  coal  gas  at  a  high  temperature,  and  is  frequently  found  to  line 
the  gas  retorts  to  a  considerable  thickness,  and  to  fill  up  accidental 
fissures  in  them.^ 

2.  Lamp  black  is  the  soot  of  imperfectly  burned  combustibles, 
such  as  tar  or  resin.  Carbon  is  deposited  in  a  powder  of  the  same 
nature,  and  of  the  purest  form,  when  alcohol  vapour  or  a  volatile  oil 
is  transmitted  through  a  porcelain  tube  at  a  red  heat;  and  the 
lustrous  charcoal,  which  is  obtained  on  calcining,  in  close  vessels, 
starch,  sugar,  and  many  other  organic  substances,  which  fuse  and 
afford  a  bright  vesicular  carbon  of  a  metallic  lustre,  is  possessed  of 
the  same  characters.  The  charcoal  of  the  latter  sources,  however, 
always  retains  traces  of  oxygen  and  hydrogen.  Lamp  black  is  deficient 
in  an  attraction  for  organic  matters  in  solution,  which  ordinary  charcoal 
possesses. 

3.  Wood  charcoal.  Wood  was  found  by  Karsten  to  lose  57  per 
cent,  of  its  weight  when  thoroughly  dried  at  212°,  and  10  per  cent, 
more  at  804°.  The  remaining  33  parts  of  baked  wood  afforded, 
when  calcined,  25  of  charcoal,  while  100  parts  of  the  same  wood 
calcined,  without  being  previously  dried,  left  only  14  per  cent,  of 
carbon.  It  is  the  absence  of  this  large  quantity  of  water  which 
causes  the  heat  of  burning  charcoal  to  be  so  much  more  intense  than 
that  of  wood.  When  calcined  at  a  high  temperature,  charcoal 
becomes  dense,  hard,  and  less  inflammable.  The  knots  in  wood 
sometimes  afford  a  charcoal  which  is  particularly  hard,  and  is  used  in 
polishing  metals,  but  it  contains  silica.  From  the  minuteness  of  its 
pores,  the  charcoal  of  wood  absorbs  many  times  its  volume  of  the 
more  liquefiable  gases ;  such  as  ammoniacal  gas,  hydrocliloric  acid, 
hydrosulphuric  acid,  and  carbonic  acid,  condensing  90  times  its 
volume  of  the  first,  and  35  of  the  last :  of  oxygen,  it  condenses  9.25 
volumes;  of  nitrogen,  7.5  volumes;  and  of  hydrogen,  1.75  volumes. 
It  also  absorbs  moisture  with  avidity  from  the  atmosphere,  and 
other  condensible  vapours,  such  as  odoriferous  effluvia.     Prom  this 

*  Dr.  Colquhoun,  Annals  of  Philosophy,  New  Series,  vol.  xii.  p.  1. 
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last  property  freslily  calcined  cliarcoal^  when  wrapt  up  in  clothes 
which  have  contracted  a  disagreeable  odour,  destroys  it,  and  has  a 
considerable  effect  in  retarding  the  putrefaction  of  organic  matter 
with  wliich  it  is  placed  in  contact.  Water  is  also  found  to  remain 
sweet,  and  wine  to  be  improved  in  quality,  if  kept  in  casks  of  whicli 
the  inside  has  been  charred.  In  the  state  of  a  coarse  powder,  wood 
charcoal  is  particularly  applicable  as  a  filter  for  spirits,  which  it 
deprives  of  the  essential  oil  which  they  contain.  It  is  much  less 
destructible  by  atmospheric  agencies  than  wood,  and  hence  the 
points  of  stakes  are  often  charred,  before  being  driven  into  the 
ground,  in  order  to  preserve  them.  Cliarcoal  decomposes  the  vapour 
of  water  at  a  red  heat,  giving  rise  to  a  gaseous  mixture,  which  was 
found  by  Bunsen  to  consist,  in  100  volumes,  of  hydrogen  56,  car- 
bonic oxide  29,  carbonic  acid  14.8,  and  light  carburetted  hydrogen 
0.2  v^olume. 

4.  The  coke  of  those  species  of  coal  which  do  not  fuse  when 
healed  is  a  remarkably  dense  charcoal,  considerably  resembling  that 
of  wood,  and  of  great  value  as  fuel,  from  the  liigh  temperature  whicli 
can  be  produced  by  its  combustion.  When  burned  it  generally 
leaves  2  or  3  per  cent,  of  earthy  ashes,  while  the  ashes  from  wood 
charcoal  seldom  exceed  1  per  cent.  The  density  of  pulverised  coke 
varies  from  1.6  to  2.0.  Coke  and  wood  charcoal,  after  being  strongly 
heated,  are  good  conductors  of  electricity. 

5.  Ivory  black.  Bone  black,  and  Animal  charcoal,  are  names 
apphed  to  bones  calcined  or  converted  into  charcoal  in  a  close  vessel. 
The  charcoal  thus  produced  is  mixed  "wdth  not  less  than  10  times 
its  weight  of  phosphate  of  lime,  and  being  in  a  state  of  extreme 
division,  exposes  a  great  deal  of  surface.  It  possesses  a  remark- 
able attraction  for  organic  colouring  matters,  and  is  extensively 
used  in  withdrawing  the  colouring  matter  from  syrup  in  the 
refining  of  sugar,  from  the  solution  of  tartaric  acid,  and  in  the 
purification  of  many  other  organic  liquids.  The  usual  practice, 
which  was  introduced  by  Dumont,  is  to  filter  the  liquid  hot  through 
a  bed  of  this  charcoal  in  grains  of  the  size  of  those  of  gunpowder, 
and  of  two  or  three  feet  in  thickness.  It  is  found  that  the  dis- 
colouring power  is  greatly  reduced  by  dissolving  out  the  phosphate 
of  hme  from  ivory  black  by  an  acid,  although  this  must  be  done  in 
certain  appHcations  of  it,  as  when  it  is  used  to  discolour  the  vege- 
table acids.  A  charcoal  possessed  of  the  same  valuable  property 
even  in  a  higher  degree  for  its  weight,  is  produced  by  calcining  dried 
blood,  horns,  hoofs,  clippings  of  hides,  in  contact  with  carbonate  of 
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potash,  and  washing  the  calcined  mass  afterwards  with  water.  Even 
vegetable  matters  aftbrd  a  charcoal  possessed  of  considerable  dis- 
colouring power,  if  mixed  with  chalk,  calcined  flint,  or  any  other 
earthy  powder,  before  being  carbonized.  One  hundred  parts  of  ])ipe 
clay  made  into  a  thin  paste  with  water,  and  well  mixed  with  20  parts 
of  tar  and  500  of  coal  finely  pulverized,  have  been  found  to  aflbrd, 
after  the  mass  was  dried  and  ignited  out  of  contact  with  air,  a  char- 
coal which  was  little  inferior  to  bone  black  in  quality.  When  char- 
coal which  has  been  once  used  in  such  a  filter  is  calcined  again,  it 
•is  found  to  have  lost  much  of  its  discolouring  power.  This  is  owing 
to  the  deposition  upon  its  surface  of  a  lustrous  charcoal,  of  the  lamp 
black  variety,  produced  by  the  decomposition  of  the  organic  colour- 
ing matters,  which  has  little  or  no  discolouring  power.  But  if  the 
charcoal  of  the  sugar  filters  be  allowed  to  ferment^  the  foreign  matter 
in  it  is .  destroyed ;  and  if  afterwards  well  washed  with  water  and 
dried,  before  being  calcined,  it  will  be  found  to  recover  a  considerable 
portion  of  its  original  power. 

Bussy  has  constructed,  from  observation,  the  following  table  of 
the  efficiency  of  the  different  charcoals.  These  substances  are  com- 
pared with  ivory  black,  as  being  the  most  feeble  species,  although 
this  is  superior  by  several  degrees  to  the  best  wood  charcoal.  The 
relative  efficiency,  it  will  be  observed,  is  not  the  same  for  two  dif- 
ferent kinds  of  colouring  matter  : — 


Species  of  charcoal 
same  weight. 


Blood  charred*  with  carbonate  of  potash 

Blood  charred  with  chalk     .... 

Blood  charred  with  phosphate  of  lime    . 

Glue  charred  with  carbonate  of  potash  . 

White  of  egg  charred  with  the  same 

Gluten  charred  with  the  same 

Charcoal  from  acetate  of  potash    . 

Charcoal  from  acetate  of  soda 

Lamp  black,  not  calcined     .... 

Lamp  black  calcined  with  carbonate  of  potash 

Bone  charcoal,  after  the  extraction  of  the  earth  of 

bones  by  an  acid,  and  calcination  with  potash 
Bone  charcoal  treated  with  an  acid 
Oil  charred  with  the  phosphate  of  lime 
Bone  charcoal,  in  its  ordinary  state 


Relative  Decolou- 
ration of  sulphate 
of  indigo. 

Relative  De- 
colouration of 
Syrup. 

50 

20 

18 

11 

13 

10 

36 

15.5 

34 

15.5 

10.6 

8.8 

5.6 

4.4 

12 

8.8 

4 

3.3 

15.2 

10.6 

45 

20 

1.87 

1.6 

2 

1.9 

1 

1 
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This  remarkable  action  of  charcoal  in  withdrawing  matters  from 
solution  is  certainly  an  attraction  of  surface,  but  it  is  capable,  not- 
withstanding, of  overcoming  chemical  affinities  of  some  intensity. 
The  matters  remain  attached  to  the  surface  of  the  charcoal,  without 
being  decomposed  or  altered  in  nature.  For  if  the  blue  sulphate  of 
indigo  be  neutralized  and  then  filtered  through  charcoal,  the  whole 
colouring  matter  is  retained  by  the  latter,  and  the  filtered  liquid  is 
colourless.  But  a  solution  of  caustic  alkali  will  divest  the  charcoal 
of  the  blue  colouring  matter,  and  carry  it  away  in  solution.  The 
salts  of  quinine,  morphine,  and  other  organic  bases  and  bitter  prin- 
ciples, are  carried  down  by  animal  charcoal  used  in  excess  (Warington, 
Mem.  Chem.  Soc.  iii.  326).  Hence  this  substance  is  a  very  general 
antidote  to  vegetable  poisons,  as  was  proved  by  Dr.  Garrod.  Other 
substances  also  are  carried  down  by  animal  charcoal,  besides  organic 
matters.  Lime  from  lime  water,  iodine  from  solution  in  iodide  of 
potassium,  hydrosulpliuric  acid  from  solution  in  water,  soluble  sub- 
salts  of  lead,  and  metallic  oxides  dissolved  in  ammonia  or  caustic 
potash ;  but  it  has  little  or  no  action  upon  most  neutral  salts.  The 
charcoal  is  apt  with  time  to  react  upon  the  substance  it  carries  down, 
probably  from  their  closeness  of  contact,  reducing  the  oxides  of  silver, 
lead,  and  copper,  for  instance,  to  the  metallic  state  in  a  short  time. 
Animal  charcoal  soon  disappears  when  heated  in  chlorine  water,  and 
is  converted  into  carbonic  acid ;  and  the  affinities  of  carbon  generally 
are  more  active  in  this  than  in  its  other  forms. 

Carbon  is  chemically  the  same  under  all  these  forms.  This  ele- 
ment cannot  be  crystallized  artificially  by  the  usual  methods  of  fusion, 
solution  or  sublimation,  if  we  except  its  solution,  in  cast  iron,  which 
gives  it  in  the  form  of  graphite  and  not  of  the  diamond.  It  is 
chemically  indifferent  to  most  bodies  at  a  low  temperature,  but  com- 
bines directly  with  some  metals  by  fusion,  and  forms  compounds 
named  carhurets  or  carbides :  in  these  compounds,  however,  the 
metal  is  most  probably  the  negative  constituent.  When  heated  to 
low  redness  it  burns  readily  in  air  or  oxygen,  forming  a  gaseous  com- 
pound carbonic  acid,  which,  when  cool,  has  sensibly  the  same  volume 
as  the  original  oxygen.  With  haK  the  proportion  of  oxygen  in  car- 
bonic acid,  carbon  forms  a  protoxide,  carbonic  oxide  gas.  The  last 
gas  being  supposed  similar  to  steam  or  to  nitrous  oxide  in  its  constitu- 
tion, will  be  composed  of  2  volumes  of  carbon  vapour  and  1  volume 
of  oxygen  gas  condensed  into  2  volumes,  an  assumption  upon  which 
the  density  of  carbon  vapour,  which  there  are  no  means  of  deter- 


CARBONIC  ACID.  363 

mining  experimentally,  is  usually  calculated,  and  made  about  420  ; 
the  combining  measure  of  this  vapour  containing  2  volumes  (page 
148.)  The  density  deduced  from  the  equivalent  of  carbon  is  more 
nearly  416.'^  That  the  equivalent  of  carbon  is  exactly  6,  as  ori- 
ginally maintained  by  Dr.  Prout,  has  been  established  beyond  doubt 
by  M.  Dumas,  by  the  combustion  of  the  diamond  in  a  stream  of 
oxygen  gas.  Pure  carbon  then  unites  with  oxygen  in  the  proportion 
of  3  to  8  exactly,  or  6  to  16,  to  form  carbonic  acid  (p.  366). 

Uses. — Several  valuable  applications  of  this  substance  have  al- 
ready been  incidentally  described.  Carbon  may  be  said  to  surpass  all 
other  bodies  whatever  in  its  affinity  for  oxygen  at  a  high  temperature ; 
and  being  infusible,  easily  got  rid  of  by  combustion,  and  forming 
compounds  with  oxygen  which  escape  as  gas,  this  body  is  more 
suitable  than  any  other  substance  to  effect  the  reduction  of  metallic 
oxides ;  that  is,  to  deprive  them  of  their  oxygen,  and  to  produce 
from  them  the  metal  with  the  properties  which  characterize  it. 
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Eq.  22  or  275  ;  CO2;  density  1529.0  ; 


This  gas  was  first  discovered  to  exist  in  Kme-stone  and  the  mild 
alkalies,  and  to  be  expelled  from  the  first  by  heat,  and  from  both 
by  the  action  of  acids,  by  Dr.  Black, -and  was  named  by  him  Pixed 
Air.  He  also  remarked  that  the  same  gas  is  formed  in  respiration, 
fermentation,  and  combustion  j  it  was  afterwards  proved  to  contain 
carbon  by  Lavoisier. 

Preparation.— Q^homc  acid  is  readily  procured  by  pouring  hy- 
drochloric acid  of  sp.  gr.  1.1,  upon  fragments  of  marble  contained 
in  a  gas-bottle  (fig.  114),  or  by  the  action  of  diluted  sulphuric  acid 
upon  chalk.  A  gas  comes  off  with  effervescence,  which  may  be 
collected  at  the  water  trough,  but  cannot  be  retained  long  over  water 
without  considerable  loss,  owing  to  its  solubility. 

*  The  number  for  carbon  vapour  deduced  from  the  density  of  oxygen  gas,  that  is,  six- 
sixteenths  of  that  density,  is  414.61  (page  149);  while  six-fourteenths  of  the  density  of 
nitrogen  is  416.304,  and  six  times  the  density  of  hydrogen,  415.56.  The  density  of 
nitrogen  is  probably  the  least  objectionable,  and  the  number  deduced  from  it  for  carbon 
(416)  therefore  the  safest. 
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Erom  the  great  weight  of  carbonic  acid  a  bottle  may  be  filled 
with  this  gas  by  displacing  air.  The  gas  being  evolved  in  the  gas- 
bottle  A  (fig.  115),  is  first  conveyed  into  awash-bottle  B,  containing 
water,  to  condense  any  hydrochloric  acid  vapour  with  which  the  gas 
may  be  accompanied  ;  then  passed  through  a  U  shaped  drying  tube 
C,  containing  fragments  of  chloride  of  calcium,  to  absorb  aqueous 
vapour,  and  then  conveyed  to  the  lower  part  of  the  bottle  D.  When 
generated  in  the  close  apparatus  of  Thilorier  for  the  purpose  of 
liquefying  it  (page  70),  this  gas  is  evolved  from  bicarbonate  of  soda 
and  sulphuric  acid. 

Fig.  115. 


^^m 


Properties. — This  gas  extinguishes  flame,  does  not  support  animal 
life,  and  renders  lime  water  turbid.  Its  density  is  considerable,  being 
1529  (Regimult),  or  a  half  more  than  that  of  air,  the  gas  containing  2 
volumes  of  the  hypothetical  carbon  vapour  and  2  volumes  of  oxygen. 
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condensed  into  2  volumes,  wliicli  form  the  combiiung  measure.  Cold 
water  dissolves  rather  more  than  an  equal  volume  of  this  gas ;  the 
solution  has  an  agreeable  acidulous  taste,  and  sparkles  when  poured 
from  one  vessel  into  another.  It  communicates  a  wine-red  tint  to 
htmus  paper,  wliich  disappears  again  when  the  paper  dries ;  when 
poured  into  lime  water  it  first  throws  down  a  white  flaky  precipitate 
of  carbonate  of  lime  or  chalk,  which  it  afterwards  redissolves  if  the 
solution  of  the  gas  be  added  in  excess.  The  quantity  of  this  gas 
which  water  takes  up  is  found  to  be  sensibly  proportional  to  the 
pressure  ;  a  very  large  volume  of  the  gas  is  forced  into  soda, 
magnesia,  and  other  aerated  waters,  much  of  whicli  escapes  on 
removing  the  pressure  from  these  liquids. 

Liquefied  by  pressure,  carbonic  acid  has  an  elastic  force  of  38*5 
atmospheres  at  32°  (Faraday).  The  specific  gravity  of  liquid  car- 
bonic acid,  at  the  same  temperature,  is  0*83  :  it  dilates  remarkably 
from  heat,  its  expansion  being  four  times  greater  than  that  of  air,  20 
volumes  of  the  liquid  at  32°  becoming  29  at  86°,  and  its  density 
varying  from  0.9  to  0.6  as  its  temperature  rises  from  — 4°  to  86°."^ 
It  is  a  colourless  liquid,  which  mixes  in  all  proportions  with  ether, 
alcohol,  naphtha,  oil  of  turpentine,  and  bisulphide  of  carbon,  but  is 
insoluble  in  water  and  fat  oils.  At  temperatures  below  — 72°  it  is 
solid  (page  73). 

Potassium  heated  in  a  small  glass  bulb  blown  upon  a  tube, 
through  which  gaseous  carbonic  acid  is  transmitted,  undergoes,  oxida- 
tion, and  liberates  carbon,  the  existence  of  which  in  the  gas  may  thus 
be  shown ;  or,  for  this  experiment,  a  cleansed  and  dry  "Florence  oil- 
flask  may  be  filled,  by  displacement,  with  the  dried  gas  (fig.  115), 
and  a  pellet  of  potassium  being  introduced,  combustion  may  be  de- 
termined by  applying  the  flame  of  an  Argand  spirit-lamp  for  a  few 
seconds  to  the  bottom  of  the  flask.  But  burning  phosphorus,  sul- 
phur, and  other  combustibles,  are  immediately  extinguished  by  car- 
bonic acid,  and  the  combustion  does  not  cease  from  the  absence  of 
oxygen  only,  but  from  a  positive  influence  in  checking  combustion 
which,  this  gas  exerts,  for  a  lighted  candle  is  extinguished  in  air 
containing  no  more  than  one-fourth  of  its  volume  of  carbonic  acid. 
It  is  generally  believed  that  any  mixture  of  carbonic  acid  and  air  will 
support  the  respiration  of  man,  which  will  maintain  the  flame  of  a 
candle,  and  therefore  a  lighted  candle  is  often  let  down  into  wells 
or  pits  suspected  to  contain  this  gas,  to  ascertain  whetlier  they  are 

*  Thilorier,  Annales  tie  Chim.  e(  dc  Phys.  Jx.  p.  427. 
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safe  or  not.  But  although  air  in  which  a  candle  can  burn  may  not 
occasion  immediate  insensibility,  still  the  continued  respiration  for 
several  hours  of  air  containing  not  more  than  1  or  3  per  cent,  of  car- 
bonic acid,  has  been  found  to  produce  alarming  effects  (Broughton). 
The  accidents  from  burning  a  pan  of  charcoal  in  close  rooms  are 
occasioned  by  this  gas.  It  acts  as  a  narcotic  poison  upon  the  system. 
A  small  animal  thrown  into  convulsions  from  the  respiration  of  this 
gas,  may  be  recovered  by  sudden  immersion  in  cold  water. 

Carbonic  acid  is  thrown  off  from  the  lungs  in  respiration,  as  may 
be  proved  by  directing  a  few  expirations  through  lime-water.  The 
air  of  an  ordinary  expiration  contains,  on  an  average,  as  observed  by 
Dr.  Prout,  3*45  per  cent,  of  its  volume  of  this  gas,  and  the  proportion 
varies  from  3.3  to  4.1  per  cent., — being  greatest  at  noon,  and  least 
during  the  night.  Carbonic  acid  is  also  a  product  of  the  vinous  fer- 
mentation, and  is  the  cause  of  the  agreeable  pungency  of  beer,  ale, 
and  other  fermented  Hquors,  which  become  stale  when  exposed  to 
the  air  from  the  loss  of  this  gas.  It  also  exists  in  all  kinds  of  well 
and  spring  water,  and  contributes  to  their  pleasant  flavour,  for  water 
which  has  been  deprived  of  its  gases  by  boiling  is  insipid  and  dis- 
agreeable. Carbonic  acid  is  also  largely  produced  by  the  combustion 
of  carbonaceous  fuel,  and  appears  to  exist  in  considerable  quantity  in 
the  earth,  being  discharged  by  active  volcanoes,  and  from  fissures  in 
their  neighbourhood,  long  after  the  volcanoes  are  extinct.  The 
Grotto  del  Cane  in  Italy  owes  its  mysterious  properties  to  this  gas, 
and  many  mineral  springs,  such  as  those  of  Tunbridge,  Pyrmont,  and 
Carlsbad,  are  highly  charged  with  it.  It  comes  thus  to  be  always 
present  in  the  atmosphere  in  a  sensible,  although  by  no  means  con- 
siderable proportion  (page  334). 

Composition  of  carbonic  acid. — The  composition  of  this  sub- 
stance, which,  like  that  of  water,  is  one  of  the  fundamental  data  of 
chemical  analysis,  is  determined  with  extreme  exactness  in  the  fol- 
lowing manner: — A  known  weight  of  a  very  pure  form  of  carbon, 
such  as  the  diamond,  is  placed  in  a  little  trough  or  cradle  of 
platinum,  which  is  introduced  into  a  porcelain  tube  a  h  (fig.  116), 
placed  across  a  furnace.  To  effect  the  combustion  of  the  carbon, 
the  end  a  of  this  tube  is  made  to  communicate  by  means  of  a  glass 
tube  with  an  apparatus  supplying  a  stream  of  oxygen  gas,  perfectly 
dried  by  passing  through  the  U  tube  E,  which  contains  fragments  of 
pumice  impregnated  with  concentrated  sulphuric  acid.  The  second 
and  fourth  U  tubes,  a  and  d,  are  charged  in  the  same  manner.  The 
bulb  apparatus  b  contains  a  concentrated  solution  of  caustic  potash. 
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and  the  pumice  in  the  adjoining  U  tube  c  is  impregnated  with 
the  same  Add.  These  tubes,  b  and  c,  containing  the  alkali,  with 
the  tube  following  them,  d,  are  accurately  weighed  together  in  a  good 
balance. 

Fig.  116. 


The  different  parts  being  connected  by  short  tubes  of  caoutchouc, 
as  represented  in  the  figure,  the  apparatus  is  then  filled  with  oxygen 
gas,  which  ought  to  be  slowly  disengaged.  The  tube  a  b,  which 
contains  the  carbon,  is  heated  to  redness,  and  the  latter  soon  enters 
into  combustion,  and  is  changed  into  carbonic  acid.  The  gases  pass 
through  the  series  of  tubes  a,  b,  c,  d.  In  a,  any  trace  of  moisture  is 
absorbed  by  the  sulphuric  acid,  which  may  escape  from  the  inner  surface 
of  the  tube  a  b  when  heated,  and  in  b  and  c  the  carbonic  acid  produced 
is  absorbed  by  the  caustic  alkali.  The  excess  of  oxygen,  which  passes 
on  uncondensed,  takes  up  a  little  aqueous  vapour  in  b  and  c,  which 
tends  to  diminish  the  weight  of  the  potash  apparatus  ;  for,  although 
the  tension  of  the  vapour  of  the  alkaline  solution  is  small,  the  latter 
cannot  be  used  so  concentrated  as  to  make  the  tension  insensible. 
The  last  U  tube  d  remedies  this  inconvenience  by  drying  the  gases 
perfectly  again  before  they  escape  into  the  atmosphere. 

In  such  a  combustion  the  formation  of  a  little  carbonic  oxide  gas 
is  to  be  apprehended.  This  is  provided  against  by  filling  the  part  of 
the  tube  a  b,  next  b,  with  very  porous  oxide  of  copper,  which  is 
heated  to  redness  during  the  experiment.  In  passing  through  this 
oxide,  any  small  quantity  of  carbonic  oxide  wliich  may  exist  is  neces- 
sarily converted  into  carbonic  acid.  The  oxide  of  copper  is  separated 
by  a  pad  of  asbestos  from  that  part  of  the  tube  containing  the  Httle 
cradle  with  the  carbon.  The  evolution  of  the  oxygen  is  also  con- 
tinued for  some  time  after  the  combustion  of  the  carbon  is  complete, 
in  order  to  sweep  the  tubes  by  means  of  that  gas,  and  carry  forward 
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the  whole  carbonic  acid  formed  into  the  potash  bulbs  where  it  is 
absorbed. 

On  disconnecting  the  apparatus  afterwards,  and  examining  the 
cradle  in  which  the  carbon  was  placed,  to  ascertain  whether  its 
combustion  is  complete,  a  little  incombustible  earthy  matter,  not 
exceeding  a  few  hundredths  of  a  grain,  will  generally  be  found 
remaining,  which  had  existed  mechanically  diffused  through  the 
carbon.  The  weight  of  the  cradle  and  residue,  deducted  from  the 
original  weight  of  the  cradle  and  carbon,  gives  obviously  the  exact 
weight  of  the  carbon  consumed ;  while  the  original  weight  of  the 
system  of  tubes  b,  c,  and  d,  deducted  from  their  final  weight,  gives 
the  exact  weight  of  carbonic  acid  formed.  (Cours  Elementaire  de 
Chimie,  par  M.  Y.  Regnault.) 

It  is  found  in  this  way  that  6  parts  of  carbon  produce  exactly  22 
parts  of  carbonic  acid,  or  carbonic  acid  contains — 

1  eq.  carbon        .         .         6         .         .         27.27 

2  eq.  oxygen       .         .       16         .         .         72.73 


22  100.00 

Carhonates, — Carbonic  acid  combines  with  bases,  and  forms  the 
class  of  carbonates.  The  hydrate  of  this  acid  seems  incapable  of 
existing  in  an  uncombined  state,  but  it  exists  in  the  alkaline  bicar- 
bonates,  which  are  double  carbonates  of  water  and  the  alkali.  If 
this  hydrate  were  formed,  we  may  presume  that  it  would  be  analo- 
gous to  the  crystallized  carbonate  of  magnesia,  of  which  the  formula 
is  MgO,C02  +  HO  +  2HO,  and  also  the  same  with  another  2110; 
the  salt  of  magnesia  of  most  acids  resembling  the  salt  of  water. 
Carbonate  of  lime,  in  the  hydrated  condition,  has  a  similar  formula. 
Carbonates  of  potash,  soda,  and  ammonia,  retain  a  strong  alkaline 
reaction,  owing  to  the  weakness  of  this  acid,  and  the  carbonates 
generally  are  decomposed  with  effervescence  by  all  other  acids, 
except  the  hydrocyanic. 

Uses. — Carbonic  acid  is  used  in  the  preparation  of  aerated  waters. 
The  strong  vessels  in  which  the  impregnation  is  effected,  should  be 
of  copper,  well  tinned,  and  not  of  iron,  as  with  the  concurrence  of 
water  carbonic  acid  acts  strongly  upon  that  metal.  It  is  sometimes 
desirable  to  remove  carbonic  acid  from  air  or  other  gaseous  mixtures, 
and  this  is  generally  done  by  means  of  caustic  alkali  or  lime-water. 
When  very  dry,  or  so  humid  as  to  be  actually  wet,  the  hydrate  of 
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lime  absorbs  this  gas  with  much  less  avidity  than  when  of  a  certain 
degree  of  dryness,  in  which  it  is  not  so  dry  as  to  be  dusty,  but  at  the 
same  time  not  sensibly  damp.  The  dry  hydrate  may  be  brought  at 
once  to  tliis  condition,  by  mixing  it  intimately  with  an  equal  weight 
of  crystallized  sulphate  of  soda  in  fine  powder ;  and  this  mixture,  in  a 
stratum  of  not  more  than  an  inch  in  thickness,  intercepts  carbonic 
acid  most  completely,  and  may  rise  in  temperature  to  above  200°, 
from  the  rapid  absorption  of  the  gas.  It  is  quite  possible  to  respire 
through  a  cushion  of  that  thickness,  filled  with  the  mixture,  and  such 
an  article  might  be  found  useful  by  parties  entering  an  atmosphere 
overcharged  with  carbonic  acid,  Hke  that  of  a  coal  mine  after  the 
occurrence  of  an  explosion  of  fire-damp. 

Carbonic  acid  is  the  highest  degree  of  oxidation  of  which  carbon 
is  susceptible ;  but  another  oxide  of  carbon  exists  containing  less 
oxygen. 

CARBONIC  OXIDE. 
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Priestley  is  the  discoverer  of  this  gas,  but  its  true  nature  was  first 
pointed  out  by  Cruikshanks,  and  about  the  same  time  by  Clement  and 
Desormes. 

Preparation.  —  Carbonic  acid  is  readily  deprived  of  half  its 
oxygen,  at  a  red  heat,  by  a  variety  of  substances,  and  so  reduced  to 
the  state  of  carbonic  oxide.  The  latter  gas  may  therefore  be  obtained 
by  transmitting  carbonic  acid  over  red-hot  fragments  of  charcoal 
contained  in  an  iron  or  porcelain  tube ;  or  by  calcining  chalk  mixed 
with  l-4th  of  its  weight  of  charcoal  in  an  iron  retort.  It  is  like- 
wise prepared  by  gently  heating  crystallized  oxalic  acid  with  five  or 
six  times  its  weight  of  strong  oil  of  vitriol  in  a  glass  retort.  The  latter 
process  affords  a  mixture  of  equal  volumes  of  carbonic  acid  and  car- 
bonic oxide,  the  elements  of  oxalic  acid  being  carbon  and  oxygen  in 
the  proportion  to  form  these  gases,  and  this  acid  being  incapable  of 
existing  except  in  combination  with  water  or  some  other  base.  Now 
the  sulphuric  acid  unites  with  the  water  of  the  crystallized  oxalic 
acid,  and  the  latter  acid  being  set  free  is  instantly  decomposed.  The 
gas  of  all  these  processes  contains  much  carbonic  acid,  of  winch  it 
may  be  deprived  by  washing  it  with  milk  of  lime,  or  a  strong  solu- 
tion of  potash. 

2  B 
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Another  process  suggested  by  Mr.  Pownes  affords  a  perfectly  pure 
gas.  It  consists  in  heating  the  crystallized  ferrocyanide  of  potassium 
in  a  glass  retort,  or  flask  A  (fig.  117),  with  four  or  five  times  its 
weight  of  oil  of  vitriol.  The  gas  may  be  passed  through  a  wash- 
bottle  B,  containing  a  little  water,  and  be  collected  in  the  bottle  C 
over  the  water-trough  in  the  usual  manner.  One  equivalent  of 
ferrocyanide  of  potassium  and  9  equivalents  of  water  are  then 
resolved  into  6  equivalents  of  carbonic  oxide,  2  eq.  of  potash,  1  eq. 
of  protoxide  of  iron,  and  3  equivalents  of  ammonia  : — 

aK^PeCgNa  +  9H0 = 6C0  +  2K0  -h  PeO  +  3H3N. 

Half  an  ounce  of  the  salt  yields  300  cubic  inches  of  carbonic  oxide. 
Proj)erties. — This  gas,  as  has  already  been  stated,  is  presumed  to 
contain  2  volumes  of  carbon  vapour,  and  1  volume  of  oxygen,  condensed 
into  2  volumes,  so  that  its  combining  measure  is  2  volumes  :  its  density 
is  967.79  (Wrede).  Carbonic  oxide  is  14  times  heavier  than 
hydrogen,  like  nitrogen,  and  coincides  remarkably  in  its  rate  of 
transpiration  (page  83)  and  other  physical  properties  with  the  latter 
gas.  It  is  very  fatal  to  animals,  and  when  inspired  in  a  pure  state 
almost  immediately  produces  coma.  Carbonic  oxide  is  not  more 
soluble  in  water  than  atmospheric  air,  and  has  never  been  liquefied. 
It  is  easily  kindled,  and  burns  with  a  pale  blue  flame,  like  that  of 
sulphur,  combining  with  half  its  volume  of  oxygen,  and  forming 
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carbonic  acid,  which  retains  the  original  volume  of  the  carbonic  oxide. 
This  combustion  is  often  witnessed  in  a  coke  or  charcoal  fire.  The 
carbonic  acid,  produced  in  the  lower  part  of  the  fire,  i^  converted  into 
carbonic  oxide,  as  it  passes  up  through  the  red-hot  embers,  and  after- 
wards burns  above  them  with  a  blue  flame,  where  it  meets  with  aii*. 

Carbonic  oxide  is  a  neutral  body,  like  water,  and  combines  directly 
witli  only  a  very  few  substances.  It  unites  with  an  equal  volume  of 
clilorine  under  the  influence  of  the  sun^s  rays,  and  forms  phosgene 
gas  or  Chloroxicarbonic  Gas.  As  the  gases  contract  to  half  their 
volume  on  combining,  the  density  of  this  gas  is  the  sum  of  carbonic 
oxide  968,  and  chlorine  2440,  or  3408 ;  its  formula  is  CO.Cl.  Chlo- 
roxicarbonic gas  is  colourless,  and  has  a  peculiar  suffocating  odour. 
In  contact  with  water  it  is  decomposed  at  the  same  time  with  an 
equivalent  of  water ;  hydrocliloric  and  carbonic  acids  are  produced — 
that  is — 

CO.Cl  and  H0=C02  and  HCl. 

Carbonic  oxide  is  also  absorbed  by  potassium  gently  heated,  and 
that  metal  is  employed  to  separate  this  gas  from  a  mixture  of 
hydrogen  and  gaseous  carbohydrogens,  as  in  the  analysis  of  coal  gas. 
But  carbonic  oxide  has  been  supposed  to  exist  in  a  greater  number  of 
compounds,  and  to  be  the  radical  of  a  series,  of  which  the  following 
substances  are  members : 

CARBONIC  OXIDE  SERIES. 

Carbonic  oxide     .         .         .         .CO 
Carbonic  acid       ....     CO  +  O 
Chloroxicarbonic  gas     .         .         .     CO-hCl 
Oxalic  acid  .         .         .         .  2C0  +  0 

Oxamide ^CO-fNH^ 

Carbonoxide  of  potassium       .         .  7C0  +  3K 
Ehodizonic  axjid  ....  7CO  +  3HO 
Croconic  acid       ....  5C0-i-H 
Melliticacid        ....  4C0  +  H 

In  these  compounds  carbonic  oxide  is  represented  as  playing  the 
part  of  a  simple  substance,  and  forming  a  variety  of  products  by 
uniting  with  oxygen,  chlorine,  hydrogen,  and  other  elements. 

Mellitic,  croconic,  and  rhodizonic  acids,  are  sometimes  enumerated 
as  oxides  of  carbon,  along  with  carbonic  acid,  carbonic  oxide,  and 
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oxalic  acid,  but  the  former  bodies  have  not  an  equal  claim  to  the  same 
early  consideration  as  the  latter  compounds. 


OXALIC   ACID. 

Eq.  36  or  450  ;  C2O3.     Oxalate  of  water,  HO.CaOa  +  gHO. 

This  acid,  discovered  by  Scheele  in  1776,  exists  in  the  form  of  an 
acid  salt  of  potash,  in  a  great  number  of  plants,  particularly  in  the 
species  of  Oxalis  and  Rmnex  :  combined  with  lime  it  also  forms  a 
part  of  several  lichens.  Oxalate  of  lime  occurs  Hkewise  as  a  mineral, 
hiwiholdite J  and  forms  the  basis  of  a  species  of  urinary  calculus. 
This  acid  is  also  produced  by  the  oxidation  of  carbon  in  combination, 
in  a  variety  of  circumstances,  being  the  general  product  of  the 
oxidation  of  organic  substances  by  nitric  acid,  hypermanganate  of 
potash,  and  by  fused  potash.  Those  matters  which  contain  oxygen 
and  hydrogen  in  the  proportion  of  water  furnish  the  largest  quantity 
of  oxahc  acid. 

This  acid  has  been  derived  in  quantity  from  lichens,  but  it  is 
usually  prepared  by  acting  upon  1  part  of  sugar  by  5  parts  of  nitric 
acid,  of  1.42,  diluted  with  10  parts  of  water  at  a  gentle  heat  till  no 
gas  is  evolved,  and  evaporating  to  crystallize.  The  crystals  must  be 
drained,  and  crystallized  a  second  time,  as  they  are  apt  to  retain  a 
portion  of  nitric  acid.  Acting  upon  1  part  of  sugar,  with  6.6  parts 
of  nitric  acid,  of  density  1.245,  Mr.  L.  Thompson  obtained  1.1 
parts  of  crystallized  oxalic  acid.  One  half  of  the  carbon  of  the 
sugar  appeared  to  be  converted  into  oxalic  acid,  and  the  other  half 
into  carbonic  acid;  the  nitric  acid  being  entirely  converted  into 
binoxide  of  nitrogen,  by  loss  of  oxygen. 

Oxalic  acid  forms  long,  four-sided,  obhque  prisms,  with  dihedral 
summits,  or  terminated  by  a  single  face.  These  crystals  contain 
three  eq.  of  water,  one  of  which  is  basic,  and  the  other  two 
constitutional,  or  water  of  crystallization.  The  latter  two  may  be 
expelled  at  a  temperature  above  212°,  and  the  protohydrate  rises  at 
the  same  time  in  vapour,  and  condenses  as  a  woolly  sublimate. 
Heated  in  a  retort,  the  hydrated  acid  undergoes  decomposition  about 
311°,  and  is  converted  into  carbonic  oxide,  carbonic  acid,  and  formic 
acid,  without  leaving  any  fixed  residue.  Concentrated  nitric  acid, 
with  heat,  converts  oxalic  acid  into  water  and  carbonic  acid.  When 
heated  with  sulphuric  acid,  oxalic  acid  yields  equal  volumes  of  car- 
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bonic  oxide  and  carbonic  acid;  C2O3  being  equivalent  to  CO  +  CO2 
(page  369).  No  charring,  nor  evolution  of  any  other  gas,  occurs,  so 
that  the  action  of  concentrated  sulphuric  acid  affords  the  means  of 
recognising  oxalic  acid  or  any  oxalate.  Crystallized  oxalic  acid  is 
soluble  in  8  parts  of  water,  at  59°,  in  its  own  weight  of  boiling 
water,  and  in  4  parts  of  alcohol,  at  59°. 

OxaHc  acid  is  a  powerful  acid,  which  combines  with  bases,  and 
forms  a  well-defined  class  of  salts, — the  oxalates  :  it  disengages 
carbonic  acid  easily  from  all  its  combinations.  Added  to  lime-water, 
or  any  soluble  salt  of  lime,  oxalic  acid  forms  a  white  precipitate — 
the  oxalate  of  hme,  which  is  a  highly  insoluble  salt.  Absolute 
oxalic  acid,  C2O3,  has  not  been  isolated,  and  appears  incapable  of 
existing  except  in  combination  with  water,  or  some  other  base. 

Composition  of  oxalic  acid. — The  analysis  of  oxalic  acid  is 
effected  in  the  following  manner : — Ten  grains  of  the  crystals, 
reduced  to  powder,  are  exactly  weighed  and  mixed  with  200 
or  300  grains  of  oxide  of  copper,  recently  calcined,  and  perfectly 
dry.  This  mixture  is  introduced  into  a  tube  of  white  Bohemian 
glass,  which  is  not  easily  fused,  open  at  one  end,  about  0.4 
inch  in  internal  diameter,  and  14  or  15  inches  long,  the  other  end 
being  drawn   out,   bent  upward,  and  sealed   (a,  fig.  118).     This 

Fig.  118. 


is  placed  in  a  furnace,  of  a  trough  form,  as  represented  in  the  figure, 
constructed  of  sheet  iron,  and  heated  to  low  redness  by  burning 
charcoal.  Immediately  connected  with  the  combustion  tube,  by 
means  of  a  perforated  cork,  is  a  tube  of  the  form  3,  containing  frag- 
ments of  strongly  dried  chloride  of  calcium.  In  this  tube  the  water 
of  the  oxaHc  acid  is  condensed,  and  the  weight  of  that  constituent  is 
ascertained  by  weighing  the  tube,  before  and  after  the  combustion. 
Beyond  the  chloride  of  calcium  tube,  and  connected  with  it  by  a  short 
caoutchouc  tube,  c,  is  a  glass  instrument,/?  m  r,  containing  a  strong 
solution  of  caustic  potash,  of  density  1.25  to  1.27,  for  the  absorption 
of  the  carbonic  acid  produced  by  the  combustion  of  the  carbon  of 
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the  oxalic  acid  by  the  oxygen  of  the  oxide  of  copper.  This  instru- 
ment consists  of  five  balls^  of  which  m  is  larger  than  the  others ;  no 
more  of  the  potash  ley  is  put  into  it  than  fills  the  tlu*ee  central  ballsj 
leaving  a  bubble  of  air  in  each.  One  corner  is  elevated  a  little  by  a 
cork  placed  under  it^  and  the  whole  supported  on  a  folded  towel :  the 
potash  balls,  when  filled  with  ley,  commonly  wiegh  from  760  to  900 
grains.  This  apparatus  is  also  weighed  before  and  after  the  com- 
bustion, and  the  increase  ascertained. 

The  experiment,  when  properly  conducted,  gives  4.29  grains  water 
condensed  in  the  chloride  of  calcium  tube,  and  6.98  grains  of  car- 
bonic acid  absorbed  in  the  potash  bulbs.  But  4.29  grains  of  water 
contain  0.47  grains  of  hydrogen,  and  6.98  grains  of  carbonic  acid 
contain  1.905  grain  of  carbon.  Now,  as  oxalic  acid  contains 
nothing  but  carbon,  hydrogen,  and  oxygen,  we  obtain  thus,  for  the 
composition  of  10  grains  of  oxalic  acid  : — 

Hydrogen       .         .         .         0.476 
Carbon  .         .         .         1.905 

Oxygen  .         .         .         7.619 


10.000 

To  learn  the  relation  between  the  number  of  equivalents  of  these 
constituents  of  oxalic  acid,  it  is  necessary  to  divide  the  weight  of  each 
of  them  by  its  chemical  equivalent : — 

0.476  1.905 

=  0.4760.  =  0.3175. 

1  6 

7.619 

=  0.9524. 

8 
These  fractions  are  in  the  proportion  of  2,  3,  and  6  ;  from  which  it 
follows,  that  the  formula  of  the  crystallized  oxalic  acid  is  Cg  H3  Og 
or  a  multiple  of  it.  Allowing  the  3H  to  be  in  combination  with 
30,  as  water,  we  finally  obtain  the  formula  C2  O3  +  3H0,  for  the 
crystallized  acid. 

CARBON  AND  HYDROGEN HYDRIDES  OE  CARBON. 

A  large  number  of  compounds  of  carbon  and  hydrogen  are  known ; 
many  of  them  found  in  the  organic  kingdom,  and  others  derived 
from  the  decomposition  of  organic  compounds.     Some  of  these  are 
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liquid  bodies,  some  solid,  and  others  gaseous.  At  present  we  shall 
confine  ourselves  to  the  three  gaseous  compounds  which  in  simpli- 
city of  composition  resemble  inorganic  compounds. 


PROTOCARBURETTED  HYDROGEN. 


Syn,^  Light  carburetted  hydrogen,  Gas  of  the  Acetates,  Marsh- 
gas,  Fire-damp.      Eq.   1 6,  or  200  ;  Cg  H^  ;    density  559.6  ; 

combining  measure 


Fig.  119. 


This  gas  is  a  constant  product  of  the  putrefactive  decomposition 
of  wood  and  other  compounds  of  carbon,  under  water,  and  is  most 
readily  obtained  by  stirring  the  mud  at  the  bottom  of  stagnant  pools, 
and  collecting  the  gas  as  it  rises  in  an  inverted  bottle  and  funnel 
(fig.  119).     It  always  contains  10  or  20  per  cent  of  carbonic  acid, 

which  may  be  separated  from  it 
by  lime-water,  and  a  small  pro- 
portion of  nitrogen.  This  gas  also 
issues,  in  some  places,  in  consi- 
derable quantities  from  fissures 
in  the  earth,  coming  often  from 
subterraneous  deposits  of  coal; 
and  in  the  working  of  coal  mines 
it  is  found  pent  up  in  cavities, 
and  would  appear  sometimes  to 
be  discharged  from  the  fresh  sur- 
face of  the  coal  in  sensible  quan- 
tity. Hence,  this  gas  is  some- 
times described  as  the  inflam- 
mable air  of  marshes,  and  the 
fire-damp  of  mines.  It  is  also  the  most  considerable  constituent  of 
coal  gas,  and  of  the  gaseous  mixture  obtained  on  passing  the  vapour 
of  alcohol  through  an  ignited  porcelain  tube. 

Preparation.— Thi?,  gas  is  obtained  by  distilling  a  mixture  of 
dried  acetate  of  soda,  hydrate  of  potash  and  quicklime,  in  a  coated 

*  Such  systematic  designations  as  have  hitherto  been  applied  to  this  and  a  few 
other  hydrides  of  carbon  have  not  in  general  been  clear,  and  involve  the  senous  error 
of  representing  the  carbon  as  the  negative  element. 
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glass  retort.  Four  ounces  of  cr.  acetate  of  soda  may  be  dried  on  a 
sand-bath  till  anhydrous ;  the  salt  is  then  reduced  to  powder,  and 
intimately  mixed  with  four  ounces  of  sticks  of  caustic  potash  and 
six  ounces  of  quicklime,  both  well  pounded.  A  Florence  oil  flask, 
or  other  flask  of  hard  glass,  is  coated  with  a  mortar  composed  of  a 
mixture  of  Paris-plaster,  and  half  its  weight  of  sand  and  coal-ashes, 
A  (fig.  120) ;  and  provided  with  a  perforated  cork  and  bent  tube  B, 

Fig.  120. 


one  extremity  of  which  should  descend  three  or  four  inches  in  the 
neck  of  the  flask.  The  materials  above  being  introduced  into  the 
flask,  the  latter  is  placed  in  an  open  charcoal  furnace  C,  and  strongly 
heated.  The  gas  comes  off,  and  may  be  collected  in  jars  over  the 
pneumatic  trough,  or  received  in  a  gas-holder  D  filled  with  water. 

Properties, — The  observed  density  of  protocarburetted  hydrogen 
is  559.6  ;  it  is  composed  of  4  volumes  carbon  vapour,  and  8  volumes 
hydrogen,  condensed  into  4  volumes,  which  are  the  combining  mea- 
sure of  this  gas.     Hence  its  specific  gravity  is  by  calculation — 


416x4  +  69.26x8 


554.5. 


It  is  inodorous,  neutral,  respirable  when  mixed  with  air,  not  more 
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soluble  in  water  than  pure  hydrogen,  and  has  never  been  liquefied. 
This  carburetted  hydrogen  requires  twice  its  bulk  of  oxygen  to  burn 
it  completely,  and  affords  water  and  an  equal  bulk  of  carbonic  acid. 
The  oxidation  of  this  gas  mixed  with  oxygen  is  not  determined,  at 
the  temperature  of  the  air,  by  spongy  platinum  or  platinum  black. 
In  air  it  bums,  when  lighted,  with  a  strong  yellow  flame.  It  is  a 
compound  of  considerable  stability,  but  is  decomposed  in  part  when 
sent  through  a  tube  heated  to  whiteness,  and  resolved  into  carbon 
and  hydrogen.  This  gas  is  not  affected  in  the  dark  by  chlorine,  but 
when  the  mixture  of  these  gases,  in  a  moist  state,  is  exposed  to  hght, 
carbonic  and  hydrochloric  acid  gases  are  produced. 

Although  instantly  kindled  by  flame,  protocarburetted  hydrogen 
requires  a  high  temperature  to  ignite  it.  Hydrogen,  hydrosulphuric 
acid  gas,  and  olefiant  gas,  and  carbonic  oxide,  are  all  ignited  by  a 
glass  rod  heated  to  low  redness,  but  glass  must  be  heated  to  bright 
redness  or  to  whiteness,  to  inflame  this  gas.  Sir  H.  Davy  discovered 
that  flame  could  not  be  communicated  to  an  explosive  mixture  of 
the  gas  of  mines  and  air,  through  a  narrow  tube,  because  the  cooling 
influence  of  the  sides  of  the  tube  prevented  the  gaseous  mixture 
contained  in  it  from  ever  rising  to  the  high  temperature  of  ignition. 
A  metallic  tube  had  a  greater  cooling  property,  from  its  high  con- 
ducting power,  and  consequently  obstructed  to  a  greater  degree  the 
passage  of  flame,  than  a  similar  tube  of  glass ;  and  even  the  meshes 
of  metalhc  wire-gauze,  when  they  did  not  exceed  a  certain  magni- 
tude, were  found  to  be  impermeable  by  flame.  Experiments  of  this 
kind  may  be  made  upon  coal-gas,  the  flame  of  which  will  be  found 
incapable  of  passing  tlirough  a  sheet  of  iron-wire  trellis,  containing 
not  less  than  400  holes  in  the  square  inch.  If  the  gas  be  allowed 
to  pass  through  the  treUis,  and  kindled  above  it,  the  flame,  it  will 
be  found,  does  not  return  through  the  apertures  to  the  jet  whence 
the  gas  issues.  Upon  these  observations.  Sir  H.  Davy  founded  his 
invaluable  invention  of  the  Safety-lamp,— an  instrument  now  indis- 
pensable to  the  safe  working  of  the  most  extensive  and  valuable  of 
our  coal-fields. 

Safety-lamjJ. — As  left  by  Davy,  this  is  simply  an  oil  lamp,  enclosed 
in  a  cage  of  wire -gauze,  the  upper  part  of  which  is  double  (fig.  121). 
Mr.  Buddie  used  iron- wire  gauze  for  the  lamp,  containing  from  784 
to  800  holes  in  the  square  inch.  A  crooked  wire,  wliich  works 
tightly  in  a  narrow  tube  passing  upwards  through  the  body  of  the 
lamp,  affords  the  means  of  trimming  the  wick,  without  undoing  the 
wire-gauze  cover  of  the  lamp.     When  the  lamp  is  carried  into  an 
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Fig.  121.  atmospliere  charged  with  fire-damp,  a  blue  flame  is 
observed  within  the  gauze  cylinder,  from  the  combus- 
tion of  the  gas,  and  the  flame  in  the  centre  of  the 
lamp  may  be  extinguished.  The  miner  should  then 
withdraw,  for  although  the  gauze  has  often  been 
observed  to  become  red-hot,  without  inflaming  the 
external  explosive  atmosphere,  yet  the  texture  of  the 
gauze  may  be  destroyed,  if  retained  long  at  so  liigh  a 
temperature.  It  has  always  been  known,  since  this 
lamp  was  first  proposed,  that  when  it  is  exposed  to  a 
strong  current  of  the  explosive  mixture,  the  flame 
may  pass  too  quickly  through  the  apertures  of  the 
gauze  to  be  cooled  below  the  point  of  ignition,  and, 
therefore,  communicate  with  the  external  atmosphere. 
But  this  is  easily  prevented  by  protecting  the  lamp 
from  the  draught,  and  an  accident  from  this  cause  is 
not  likely  to  occur  in  a  coal  mine.^ 
This  carburetted  hydrogen  does  not  explode  when  mixed  with  air 
in  a  proportion  much  above  or  below  the  quantity  necessary  for  its 
complete  combustion.  With  3  or  4  times  its  volume  of  air  it  does 
not  explode  at  all,  with  5  J  or  6  volumes  of  air  it  detonates  feebly, 
and  with  7  to  8  most  powerfully.  With  14  volumes  of  air,  the 
mixture  is  still  explosive,  but  with  larger  proportions  of  air,  the  gas 
only  burns  about  the  flame  of  the  taper.  The  large  quantity  of  air 
which  is  then  mixed  with  the  gas  absorbs  so  much  heat  as  to  prevent 
the  temperature  of  the  gaseous  atmosphere  from  rising  to  the  point 
of  ignition. 

Coal  gas. — The  products  of  the  distillation  of  coal  in  an  iron 
retort  are  of  three  kinds  :  a  black  oily  liquid,  of  a  heterogeneous 
nature,  known  as  coal-tar ;  a  watery  fluid,  known  as  the  ammoniacal 
liquor,  and  the  elastic  fluids  which  form  coal-gas.  To  purify  the 
gas,  it  is  cooled  by  transmitting  it  through  iron  tubes  or  shallow 
boxes,  in  which  it  deposits  some  condensible  matter ;  and  it  is  after- 
wards exposed  to  milk  of  lime,  to  absorb  hydrosulphuric  acid  gas, 
which  it  invariably  contains,  and  frequently  afterwards  to  dilute  sul- 
phuric acid  or  a  solution  of  sulphate  of  iron,  which  arrests  a  little 
hydrosulphate  of  ammonia  and  a  trace  of  hydrocyanic  acid.     The 


*  For  additional  information  respecting  the  safety-lamp,  the  reader  is  referred  to 
Davy's  Essay  on  Flame,  to  Dr.  Paris's  Life,  and  Dr.  J.  Davy's  Life  of  Sir  H.  Davy,  and 
to  the  Report  of  the  Parliamentary  Committee  on  Accidents  in  Mines,  1835. 
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hydrate  of  lime  is  often  applied  in  the  state  of  a  damp  powder,  and 
not  diffused  through  water. 

The  process  may  be  illustrated  by  the  arrangement  represented  in 
fig.  122.     The  coal  to  be  distilled  is  contained  in  an  iron  or  stone- 


FiG.  122. 


ware  retort  A,  which  should  not  be  more  than  half  filled  if  the  coal  is 
of  a  bituminous  quality,  and  is  heated  by  a  small  charcoal  furnace. 
Tar  and  a  watery  fluid  containing  ammonia  condense  in  B,  which  re- 
presents the  condenser.  The  gas  passes  on  to  C,  a  glass  jar,  with 
stages  of  wire-gauze  supporting  slaked  lime,  and  forming  a  lime- 
purifier.  The  gas  is  then  conveyed  by  the  tube  F  into  the  bell-jar 
E,  filled  with  water,  and  inverted  over  another  glass  jar  D,  serving  as 
a  water-tank.  The  jar  E,  which  represents  the  gasometer,  is  coimected 
by  a  string  passing  over  two  pulleys  above,  with  an  iron  weight  which 
balances  it.  When  the  gasometer  rises  and  is  full,  the  gas  may  be 
allowed  to  escape  by  the  tube  E  and  the  jet  and  stopcock  at  the  side, 
by  removing  or  diminishing  the  counterpoise  to  the  jar  E. 
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Dr.  Henry  obtained  the  following  results  from  an  examination 
of  the  gas  from  the  best  cannel  coal,  at  different  periods  of  the 
distillation : — 

COAL  GAS  IN  100  VOLUMES. 


Density. 

defiant 
gas. 

Carburetted 
hydrogen. 

Carbonic 
oxide. 

Hydrogen 

Nitrogen. 

At  beginning  of 

process     .     . 

After  five  hours 

After  ten  hours 

650 
500 
345 

13 

7 
0 

82.5 

56 

20 

3.2 
11 
10 

0 
21.3 
60 

1.3 

4.7 
10 

Besides  the  constituents  mentioned,  coal-gas,  when  first  made, 
contains  small  quantities  of 

Ammonia,  Hydrocyanic  acid, 

Hydrosulphuric  acid,  Bisulphide  of  carbon. 

Carbonic  acid.  Naphtha  vapour.^ 

All  of  these  bodies  are  separated  from  it  in  the  process  of  purifica- 
tion, except  the  two  last,  namely,  naphtha  vapour,  which  is  tlie  chief 
cause  of  the  odour  of  coal-gas,  and  bisulphide  of  carbon,  which 
affords  a  little  sulphurous  acid  when  the  gas  is  burned.  The  hetero- 
geneous nature  of  the  gaseous  mixture  is  well  shown  upon  intro- 
ducing a  quantity  of  dry  iodine  into  a  bottle  of  coal-gas,  when  several 
liqmd  and  solid  compounds  of  iodine  are  formed  with  the  diflerent 
carbohydrogens  present.  Iodine,  on  the  other  hand,  is  not  affected 
in  the  slightest  degree  by  fire-damp,  but  remains  with  its  metallic 
lustre  unchanged  in  that  gas.  Indeed,  in  the  ordinary  fire-damp 
no  other  combustible  gas  whatever  can  be  found,  besides  protocar- 
buretted  hydrogen  (Mem.  of  Chem.  Soc.  iii.  7). 

The  superiority  of  coal-gas,  in  illuminating  power,  depends  prin- 
cipally upon  the  high  proportion  of  olefiant  gas  and  the  denser 
carbohydrogens  which  it  contains.  The  free  hydrogen  and  carbonic 
oxide  present  give  no  light,  and  are  positively  injurious.  As  the 
highly  illuminating  constituents  are  dense,  and  contain  much  carbon, 
the  value  of  coal-gas  is  to  a  certain  extent  proportional  to  its  density, 
and  to  the  quantity  of  oxygen  which  it  requires  for  complete  com- 
bustion. In  the  analysis  of  coal  gas,  the  different  gases  may  thus  be 
separated:    1st.   Olefiant  gas,  naphtha  vapour,  and  similar  carbo- 

*  Dr.  Henry's  Papers  on  Coal-Gas  are  contained  in  the  Phil.  Trans,  for  1808,  1820, 
and  1824. 
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hydrogens,  by  mixing  the  gas  over  water,  in  a  dark  place,  with 
half  its  bulk  of  chlorine,  and  afterwards  washing  with  caustic 
potash;  or,  by  introducing  a  small  pellet  of  coke  charged  with 
fuming  sulphuric  acid  and  attached  to  a  platinum  wire,  into  the 
gaseous  mixture,  over  mercury,  and  afterwards  absorbing  the  acid 
vapour  by  a  fragment  of  hydrate  of  potash ;  2dly,  carbonic  oxide, 
by  potassium  gently  heated  in  the  gas;  3dly,  the  proportion  of 
protocarburetted  hydrogen  gas  may  be  determined  by  detonating 
the  mixture  over  mercury,  in  an  eudiometer  (fig.  106,  page  331), 
with  a  measured  quantity  of  oxygen,  and  ascertaining  the  quantity 
of  carbonic  acid  formed,  which  retains  the  volume  of  this  carbu- 
retted  hydrogen ;  4thly,  the  free  hydrogen,  by  observing  the  quantity 
of  oxygen  remaining,  by  means  of  a  stick  of  phosphorus  introduced  * 
into  the  gas,  and  thereby  ascertaining  the  quantity  of  oxygen  con- 
sumed in  the  last  combustion;  from  this  quantity  deduct  twice 
tlie  measure  of  the  carburetted  hydrogen  found,  and  half  the 
remaining  measure  of  consumed  oxygen  represents  the  hydrogen ; 
5th,  the  residuary  gas  after  these  processes  is  the  nitrogen  of  the  coal 
gas."^ 

Structure  of  flame. — The  quantity  of  light  obtained  from  the 
combustion  of  coal-gas  depends  entirely  upon  the  manner  in  which 

*  The  tubes  and  eudiometers  for  measuring  gases  require  to  be  very  minutely  graduated: 
this  is  attained  with  peculiar  accuracy  and  facility  by  the  method  recommended  by 
Professor  Bunsen.  His  instrument  for  graduating  glass  tubes  (fig.  123)  consists  of  a  ma- 
hogany board  A,  5§  feet  long,  7  inches  wide,  and  |  of  an  inch  thick.  In  the  middle  of 
this  board  is  a  groove  extending  its  whole  length,  1  inch  wide,  \  inch  deep,  and  rounded 
at  bottom  as  a  bed  for  the  reception  of  the  tube.  At  one  part,  5  inches  from  the  end,  is 
placed  a  brass  plate  B,  1§  feet  long  and  2  inches  wide,  in  such  a  position  that  when 
screwed  down  its  edge  comes  one-half  over  the  groove.  It  is  furnished  with  four  screw- 
nuts,  passing  through  slits  in  the  plate,  a  quarter  of  an  inch  long,  so  as  to  allow  a  certain 
advancement  or  withdrawal  of  the  plate  at  pleasure. 

Fig.  123. 


C  and  D  are  two  similar  plates,  placed  at  the  other  end  of  the  wooden^oard,  C  having 
the  same  amount  of  motion  as  B,  and  being  precisely  similar  in  every  respect.  D  is  a 
brass  plate  of  the  same  dimensions  as  B  and  C,  which  is  cut,  at  intervals  of  five  millimeters, 
into  notches,  every  alternate  one  being  one-twentieth  and  one-tenth  of  an  inch  deep 
There  is  also  a  wooden  rod  E,  3  feet  long,  1  inch  broad,  and  half  an  inch  thick.     This  is 
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it  IS  burned,  which  will  appear  from  the  consideration  of  the  struc- 
ture of  luminous  flames.     The  flame  of  a  spirit-lamp,  candle,  or  gas- 
jet,  is  hollow,  as  may  be  observed  by  depressing  a  sheet  of  wire  trellis 
upon  it,  which  gives  a  section  of  the  flame  ;   the  seat  of 
the  combustion  being  the  margin  of  the  flame,  where 

j\ ^     alone   the   combustible  vapour   is  in  contact  with  the 

//\\  air.     Of  volatile  carbonaceous  combustibles,  the  flame 

(/All  consists  of  three  parts,  which  are  represented  in  section 

I  A- I-----A    (fig.  125)  :— 

^»/  A,  cone  of  vapourized  combustible. 

rfn  B,  sphere  of  partial  combustion. 

c,  sphere  of  complete  combustion. 
In  B,  where  the  supply  of  air  is  insufficient  for  complete  combustion, 
it  is  the  hydrogen  principally  which  burns,  the  carbon  being  liberated 
in  solid  particles,  which  are  heated  white-hot  from  the  combustion  of 

provided  with  two  steel  points,  placed  by  screws  at  half  an  inch  from  either  end.  One 
of  these,  F,  is  in  the  form  of  a  knife,  the  other,  G,  of  a  bradawl ;  a  screw-driver  is  also 
provided,  that  these  points  may  be  attached  or  removed  at  pleasure. 

When  a  tube  is  to  be  graduated,  it  is  covered  with  a  thin  layer  of  melted  wax  and  tur- 
pentine, by  means  of  a  camel's  hair  pencil,  and  is  laid  in  the  groove  between  C  and  D, 
which  are  then  screwed  down  in  their  places,  so  as  to  retain  the  tube  firmly  in  its  position. 
A  standard  tube,  previously  mathematically  divided  into  milli- 
meters, (the  most  convenient  division,)  is  now  placed  in  the 
_a^-^-v,^^^^^    groove  under  B,  (fig.  124)  which  is  then  screwed  upon  it.   The 
^^^^^^^^^^^    rod,  E,  is  now  used,  the  pointed  steel,  G,  being  put  into  one  of 
the  millimeter  marks  on  the  standard  tube  ;  the  knife  point,  F,  falls  upon  the  waxed  tube, 
and  is  made  to  produce  a  line  upon  it,  the  length  of  which  is  regulated  by  the  distance 
between  the  edges  of  the  brass  plates  C  and  D.     The  pointed  steel  is  now  removed  back 
one  millimeter  on  the  standard  tube,  and  the  corresponding  mark  made  on  the  waxed  one ; 
and  thus  we  proceed  until  the  whole  of  the  waxed  tube  is  divided  into  millimeters.     The 
object  of  the  notches  is,  that  a  longer  mark  may  be  made  at  every  five  millimeters,  and  a 
still  longer  one  at  every  ten,  in  order  to  aid  the  eye  in  reading.     The  waxed  tube  is  now 
removed  to  a  leaden  trough  containing  pounded  fluor  spar  and  sulphuric  acid,  slightly 
heated,  which  etches  it  more  successfully  than  a  solution  of  hydrofluoric  acid.   Previously, 
however,  to  being  etched,  it  is  desirable  to  figure  the  number  of  millimeters  at  the  space 
of  every  ten ;  and  this  is  conveniently  done  by  the  steel  pointer  G,  after  being  removed 
from  the  rod  E.     The  tube  is  rubbed  with  vermilion  powder  when  in  use,  to  make  the 
graduation  more  legible. 

We  have  thus  an  accurate  measure  of  length  etched  upon  the  tube,  which  should 
be  one  of  pretty  uniform  calibre.  The  next  point  is  to  determine  the  true  value  of 
each  of  the  divisional  marks :  this  is  done  by  calibrating  it  throughout  all  its  length  by 
small  portions  of  mercury, — say  equal  in  bulk  to  five  grains  of  water.  By  this  means  the 
relative  value  of  each  mark  is  determined,  and  the  proportion  which  it  bears  to  any 
given  standard.  The  only  possible  error  is  in  the  assumption  that  the  tube  is  of  even 
calibre  within  the  space  occupied  by  one  measure  of  mercury  ;  but  the  quantity  of  this 
added  is  so  small,  that  any  such  error  becomes  quite  inappreciable.      The  convenience  of 
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that  gas.  The  sphere  b,  indeed,  is  the  luminous  portion  of  the 
flame,  for  the  light  depends  entirely  upon  the  deposition  of  carbon, 
arising  from  the  consecutive  combustion  of  the  two  elements  of  the 
vapour.  Gaseous  bodies,  however  strongly  heated,  emit  no  light,  or 
at  most  not  more  than  a  sensible  glow,  and  luminous  flame  has 
justly  been  described  by  Davy  as  always  containing  solid  matter 
heated  to  whiteness.  The  same  sphere  of  the  flame,  possessing 
an  excess  of  combustible  matter  at  a  high  temperature,  takes  oxygen 
from  metallic  oxides,  such  as  arsenious  acid,  placed  in  it,  and  de- 
velopes  their  metals.  It  is,  therefore,  often  referred  to  as  the 
deoxidizing  or  reducing  flame.  In  the  external  hollow  cone,  c,  the 
deposited  carbon  meets  with  oxygen,  and  is  entirely  consumed.  The 
hottest  point  in  the  whole  flame  is  within  this  sphere,  near  the  summit 
of  B.  This  part  of  the  flame,  possessing  an  excess  of  oxygen  at  a 
high  temperature,  is  the  proper  place  for  kindling  a  combustible,  and 
is  called  the  oxidizing  flame  :  its  properties  are  the  opposite  of  those 
of  B. 

When  coal-gas  is  mingled  with  an  equal  bulk  of  air  before  being 
burned,  it  is  found  to  lose  half  its  illuminating  power.  It  may  be 
conveniently  mixed  with  a  quantity  of  air  suflicient  for  its  complete 
combustion,  by  placing  over  an  argand  burner,  a  brass  chimney  of  5 
inches  in  height  provided  with  a  cap  of  wire-gauze ;  when  kindled 
above  the  wire-gauze,  the  gas  burns  with  a  blue  flame,  not  more 
luminous  than  that  of  sulphur.  The  flame  is  so  feebly  luminous 
because  no  deposition  of  carbon  occurs  in  it.  The  quantity  of  heat 
is  the  same,  whether  the  gas  is  burned  so  as  to  produce  much 
or  little  light ;  and  where  the  gas  is  burned  for  heat,  this  mode  of 
combustion  has  the  advantage  of  giving  a  flame  without  smoke.   The 

this  graduator  is  so  great,  that  a  long  tuhe  may  be  beautifully  divided  iu  the  course  of  an 
hour.  The  standard  tube  should  be  made  of  glass,  but  the  original  divisions  from  which 
his  standard  is  taken  may  be  those  of  a  measure  of  vi^ood  or  any  other  material. 

The  tubes  recommended  by  Bunsen  are  18  or  19  inches  in  length,  about  0.6  inch  in 
internal,  and  0.8  inch  in  external  diameter.  One  of  these  is  converted  into  a  eudiometer, 
in  which  the  gases  are  exploded,  by  inserting  near  the  closed  end,  by  fusion,  two  platinum 
wires  of  the  thickness  of  horse-hair,  for  the  purpose  of  passing  the  electric  spark.  During 
the  explosion  the  open  end  of  the  tube  is  pressed  firmly  upon  a  smooth  pad  of  caoutchouc, 
placed  under  the  mercury  at  the  bottom  of  the  pneumatic  trough.  The  graduation  of  these 
tubes  being  linear,  enables  the  observer  to  read  off  the  difference  in  height  between  the 
mercury  in  the  tube  and  trough,  and  to  make  the  necessary  correction  on  the  volume 
measured  :  all  exact  experiments  on  gaseous  volumes  must  be  made  over  mercury.  This 
department  of  chemical  analysis  has  been  brought  to  a  high  degree  of  accuracy  and  per- 
fection by  Professor  Bunsen.  See  Reports  of  the  British  Jssociaiion,  1845,  page  148  ; 
and  Liebig  and  Poggendorff's  Handworterbuch  der  Chemie,  ii.  1053. 
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heat  derived  from  coal-gas  burned  in  this  manner  is  not,  however,  so 
intense  as  that  of  an  argand  spirit-lamp. 

A  result  of  the  circumstances  which  determine  the  quantity  of 
light  from  different  flames  is,  that  the  larger  the  flame  till  it  begins 
to  be  smoky,  the  greater  the  proportion  of  Kght  obtained  from  the 
consumption  of  the  same  quantity  of  gas.  It  was  observed  that  an 
argand  burner,  supplied  with  l^  cubic  feet  of  gas  per  hour,  gave  as 
much  light  as  a  single  candle ;  with  2  cubic  feet  per  hour  the  light 
was  equal  to  4  candles,  and  with  3  cubic  feet  to  10  candles.  Hence 
argands,  bat-wings,  and  other  burners,  in  which  a  considerable  quan- 
tity of  gas  is  burned  together,  are  more  economical  than  plain  jets. 
The  brightness  of  ordinary  flame,  which  depends  essentially  upon  the 
consecutive  combustion  of  hydrogen  and  carbon,  is  increased  by 
everything  which  promotes  the  rapidity  and  intensity  of  the  combus- 
tion, without  deranging  the  order  of  oxidation,  such  as  a  rapid  supply 
of  air,  and  the  substitution  of  pure  oxygen  for  air,  as  in  Gurney^s 
Bude  Light.  Not  only  is  there  then  more  light,  because  there  is 
more  combustion  in  the  same  time,  but  the  temperature  of  the  flame 
being  greater,  the  luminous  carbon  is  also  heated  to  a  higher  degree 
of  whiteness. 


BICARBTJRETTED  HYDROGEN. 

8yn,  Olefiant  gas,  Elayle ;  Eq.  28  or  350  ;  C4H4 ; 
density  985.2;     |    |    | 

This  gas  was  discovered  in  1796,  by  certain  associated  Dutch  che- 
mists, who  gave  it  the  name  of  olefiant  gas,  because  it  forms  with 
chlorine  a  compound  having  the  appearance  of  oil.  It  is  usually 
prepared  by  heating  together  1  measure  of  spirits  of  wine  with  3 
measures  of  oil  of  vitriol,  in  a  capacious  retort,  tiU  the  hquid  becomes 
black  and  effervescence  begins,  and  maintaining  it  at  that  particular 
temperature.  It  is  collected  over  water,  which  deprives  it  of  a  por- 
tion of  ether  vapour  and  sulphurous  acid,  with  which  it  is  accompanied. 

A  process  which  yields  a  purer  gas,  and  in  larger  volume,  is  the 
following.  Twenty-eight  ounces  of  water  are  added  to  twice  their 
volume  of  oil  of  vitriol,  in  a  large  globular  flask  A,  (fig.  124)  which 
gives  an  acid  of  about  1.6  density  when  cool.  Without  waiting  to 
cool,  however,  24  ounce  measures  of  spirits  of  wine  are  added,  and 


BICARBURETTED  HYDROGEN. 


385 


the  whole  allowed  to  stand  for  a  night.     The  flask  is  supported  on  a 
bed  of  pumice  over  the  gas-flame  as  already  described  (page  354),  and 


Fig.  124. 


the  latter  regulated  so  as  to  keep  the  liquid  in  a  state  of  moderate 
ebullition.  The  gas  evolved  is  passed  through  two  two-pound  bottles, 
B  and  C,  the  first  of  which,  B,  is  empty,  or  contains  only  a  little  water 
at  the  begnning,  and  is  intended  for  the  condensation  of  a  considerable 
portion  of  alcohol  and  ether  which  distil  over,  while  C  is  half  filled 
with  a  strong  solution  of  caustic  potash,  to  absorb  the  sulphurous  and 
carbonic  acids  produced.  These  two  wash-bottles  are  immersed  in 
jars  containing  cold  water.  The  third  wash-bottle,  D,  contains  oil 
of  vitriol,  and  the  U  tube  E,  pumice  soaked  in  the  same  fluid  to 
absorb  ether  vapour ;  while  the  gas  is  collected  at  last  in  bottles,  Y, 
over  water  made  sensibly  alkaline  by  caustic  potash. 

This  gas  is  formed  by  a  peculiar  decomposition  of  alcohol,  in  con- 
tact with  sulphuric  acid  boiling  at  325°,  or  a  little  higher,  in  which 
the  alcohol  is  resolved  into  olefiant  gas  and  water,  C4H5  05=04114 
and  2 HO.  This  decomposition  will  be  referred  to  again  more  par- 
ticularly under  the  head  of  alcohol. 

Bicarburetted  hydrogen  gas  contains  2  volumes  of  carbon  vapour 
and  2  volumes  of  hydrogen  condensed  into  1  volume,  and  is  theo- 
retically of  the  same  density  as  nitrogen  and  carbonic  oxide,  or  four- 
teen times  heavier  than  hydrogen.  It  was  condensed  by  cold  and 
pressure  into  a  transparent  liquid,  which  is  not  solidifiable  (page  72). 
This  gas,  when  carefully  deprived  of  ether,  has  a  sweet  odour,  which  is 
peculiar  but  not  strong.  Water  absorbs  about  one-eighth  of  its 
volume  of  this  gas ;  alcohol  takes  up  2  volumes,  oil  of  turpentine  2.5, 
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and  olive  oil  1  volume.  It  is  absorbed  by  fuming  sulphuric  acid, 
and  by  the  perchloride  of  antimony,  forming  peculiar  compounds. 
The  substances  named  leave  certain  gaseous  impurities  uncondensed, 
wliich  often  amount  to  15  or  20  per  cent.,  and  appear  to  be  principally 
protocarburetted  hydrogen.  The  gas  of  the  process  described  above 
is  entirely  absorbed  by  the  perchloride  of  antimony,  except  about 
4  per  cent. ;  but  it  appears  to  contain  the  vapour  of  some  denser 
carbohydrogen,  not  absorbed  by  oil  of  vitriol,  as  the  specific  gravity 
of  the  gas  so  prepared  is  often  as  high  as  that  of  air,  or  1000,  instead 
of  985.2  as  observed  by  Saussure. 

This  gas  bums  with  a  wliite  flame,  which  is  much  more  brilliant 
than  that  of  protocarburetted  hydrogen.  It  requires  three  times  its 
volume  of  oxygen  to  burn  it  completely,  and  yields  twice  its  volume 
of  carbonic  acid  gas  and  twice  its  volume  of  aqueous  vapour ;  for  1 
volume  of  bicarburetted  hydrogen  contains  2  volumes  of  carbon 
vapour,  each  of  which  requires  I  volume  oxygen  and  becomes  1 
volume  carbonic  acid,  and  2  volumes  hydrogen,  each  of  which  requires 
J  volume  oxygen  and  forms  1  volume  steam.  This  gas  is  entirely 
decomposed,  when  passed  through  a  porcelain  tube  at  a  white  heat, 
into  carbon,  which  is  deposited,  and  twice  its  volume  of  hydro- 
gen gas. 

Bicarburetted  hydrogen  mixed  with  twice  its  volume  of  chlorine 
gas  is  condensed,  and  forms  a  liquid  compound  of  an  oily  consistence, 
C4  H4  CI2,  from  which  it  was  named  olefiant  gas,  or  the  oil-making 
gas,  and  Elayle  (from  eXaiop  and  vX?;,  the  source  of  an  oil,)  by 
BerzeHus.  This  substance,  which  is  also  known  as  Dutch  liquid,  will 
be  described  under  the  derivatives  of  alcohol. 


GAS  OF   OIL. 

Bicarburetted  hydrogen  of  Faraday;  Eq.   56  or  700;  CgHg; 
density  \^^^ A]    \    \    \ 

This  gas,  which  is  twice  as  condensed  as  olefiant  gas,  is  one  of  the 
products  of  the  decomposition  of  the  fixed  oils  by  heat,  and  exists, 
therefore,  in  the  gas  prepared  from  oil.  It  is  liquefied  when  oil  gas 
is  greatly  compressed,  and  also  by  a  cold  of  0°  T.  The  flame  of  this 
gas  is  very  brilliant ;  it  is  only  sparingly  soluble  in  water,  but  pretty 
soluble  in   alcohol  and  the   fat   oils;    sulphuric  acid  dissolves   a 
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hundred  times  its  volume.  It  combines  with  an  equal  volume  of 
chlorine,  and  forms  a  liquid  compound  having  some  analogy  to 
Dutch  liquid. 

This  gas  requires  6  volumes  of  oxygen  to  burn  it,  and  gives  rise  to 
water  and  4  volumes  of  carbonic  acid. 


CARBON  AND  NITROGEN — CYANOGEN. 


Eq.  26  or  325;  NCg;  density  1819 ;     |    |    | 

This  compound  is  a  gas,  which  was  first  obtained  by  Gay-Lussac 
in  1815.  It  is  prepared  by  heating  the  cyanide  of  mercury  in  a 
small  glass  retort,  and  is  collected  at  the  mercurial  trough.  The 
cyanide  is  resolved  into  running  mercury  and  cyanogen  gas,  and 
frequently  leaves  a  black  coaly  mass  in  the  retort,  wliich  Professor 
Johnston  has  shown  to  consist  of  carbon  and  nitrogen,  in  the  same 
proportions  as  the  gas  itself. 

Cyanogen  gas  contains  4  volumes  of  carbon  vapour  and  2  volumes 
of  nitrogen,  condensed  into  2  volumes;  its  density  is  1819.  When 
this  gas  is  exploded  with  twice  its  volume  of  oxygen,  it  affords  2 
volumes  of  carbonic  acid  gas,  and  1  volume  of  nitrogen;  an  ex- 
periment from  wliich  its  composition  may  be  deduced.  Water  at  60° 
absorbs  4.5  times  its  volume  of  this  gas,  and  alcohol  23  volumes. 
By  a  pressure  of  3.6  atmospheres  at  45°,  cyanogen  is  condensed  into 
a  limpid  liquid,  which  evaporates  again  on  removal  of  the  pressure. 
Cyanogen  burns  with  a  beautiful  purple  flame  in  air  or  oxygen. 
The  solution  of  cyanogen  in  water  undergoes  spontaneous  decompo- 
sition. By  alkalies  the  gas  is  absorbed,  and  a  cyanide  and  cyanate 
formed. 

Carbon  does  not  burn  when  heated  in  nitrogen  gas,  and  appears  to 
be  incapable  of  uniting  with  that  element  when  alone,  or  unless  when 
assisted  by  the  presence  of  a  third  body,  such  as  potassium,  which 
unites  with  and  gives  stabihty  to  the  compound.  Cyanogen  is  thus 
produced  when  nitrogen  is  sent  over  fragments  of  charcoal  saturated 
with  potash,  heated  white-hot  in  a  porcelain  tube  placed  across  a 
furnace,  and  obtained  as  cyanide  of  potassium.  A  peculiar  form  of 
furnace,  in  which  this  remarkable  process  is  conducted  on  a  large 
scale  at  Newcastle,  with  considerable  success,  is  described  by  Mr. 
Bramwell  (Repertory  of  Inventions,  ix.  280).    It  consists  essentially 
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l^'iG.  125.  of  a  vertical  flue  in  brickwork  ABD, 

(fig.  125),  containing  charcoal  charged 
with  a  solution  of  carbonate  of  potash, 
the  middle  portion  of  which,  B,  is  placed 
within  the  flue  of  the  adjoining  furnace 
2  2,  by  which  it  is  heated  intensely,  and 
also  obtains  a  supply  of  nitrogen,  which 
enters  A  B  D  by  a  number  of  small 
openings  into  the  external  flue.  The 
passage  of  gases  upwards  through  the 
potash-charcoal  is  further  promoted  by 
the  action  of  air-pumps  connected  with 
the  tubes  G  and  H.  The  materials  are 
introduced  at  the  top  on  removing  a  lid 
C,  and  after  descending  through  the 
tube  are  allowed  to  fall  into  a  cistern  of 
water  P,  in  which  the  cyanide  of  po- 
tassium is  found  dissolved.  The  pipes  I  and  J  dip  into  water,  to 
intercept  ammonia  or  any  other  volatile  product. 

Cyanogen  is  a  salt-radical,  and  unites  with  all  the  metals,  as 
chlorine  and  iodine  do,  forming  a  class  of  cyanides.  It  also  combines 
with  hydrogen  and  forms  a  hydrogen-acid,  namely,  hydrocyanic  or 
prussic  acid.  Cyanogen  properly  belongs  to  organic  chemistry,  in 
which  department  its  numerous  combinations  will  be  considered. 

Mellon^  N4  Cg. — This  is  another  salt-radical,  and  was  formed  by 
Liebig  by  heating  the  bisulphide  of  cyanogen  in  a  glass  flask  to 
redness,  when  it  is  resolved  into  sulphur,  bisulphide  of  carbon,  and 
meUon.  It  is  a  lemon  yeUow  powder,  insoluble  in  water  and  alcohol ; 
it  unites  directly  with  hydrogen  and  with  potassium,  forming  hydro- 
mellonic  acid,  a  hydrogen-acid,  and  mellonide  of  potassium,  a  sahne 
body. 


SECTION    V, 

BORON. 


Eq.  10.9  or  136.2;  B;  density  of  vapour  (hypotlietical) 
751  HTI- 


Boron  is  an  element  having  some  analogy  to  carbon,  but  sparingly 
diffused  in  nature.  It  is  never  found,  except  in  combination  with 
oxygen  as  boracic  acid,  of  which  the  salt  of  soda  has  long  been 
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brought  to  Europe  from  India  in  a  crude  state,  under  the  name  of 
tinkal,  and  termed  borax  when  purified.  The  impure  borax  or  tinkal 
forms  a  saline  incrustation  in  the  beds  of  certain  small  lakes  in  an 
upper  province  of  Thibet,  which  dry  up  during  summer.  But  the 
most  considerable  of  the  present  sources  of  boracic  acid  are  the  hot 
lagoons  of  a  district  in  Tuscany,  which  are  charged  with  the  free 
acid,  from  the  condensation  in  them  of  vapours  of  a  volcanic  origin. 
Boracic  acid  is  likewise  found  in  the  hot  springs  of  Lipari.  It  is  a 
constituent  also  of  several  minerals,  of  which  datolite  and  boracite 
are  the  most  remarkable.  Boron  was  first  discovered  by  Sirll.  Davy 
in  1807,  by  exposing  boracic  acid  to  the  action  of  a  powerful  voltaic 
battery,  and  was  afterwards  obtained  by  Gay-Lussac  and  Thenard  in 
greater  quantity,  by  heating  boracic  acid  with  potassium. 

F reparation. — Boron  is  prepared  with  greatest  advantage  from  a 
combination  of  fluoride  of  boron  and  fluoride  of  potassium,  which  is 
obtained  on  saturating  hydrofluoric  acid  with  boracic  acid,  and  after- 
wards adding  to  it,  drop  by  drop,  the  fluoride  of  potassium.  This 
compound,  which  is  of  slight  solubility,  is  collected  on  a  filter,  and 
dried  at  an  elevated  temperature,  but  which  should  not  reach  a  red 
heat.  Equal  weights  of  the  compound  and  of  potassium  are  mixed 
together  in  a  cylinder  or  tube  of  iron,  closed  at  one  end,  which  is 
gently  heated,  and  the  mixture  stirred  with  an  iron  rod,  till  the 
potassium  is  melted.  Heated  afterwards  more  strongly  by  a  spirit- 
lamp,  the  mass  evolves  heat,  and  becomes  red-hot ;  the  potassium 
combines  with  the  fluorine,  and  a  mixture  is  obtained  of  boron  and 
the  fluoride  of  potassium.  On  treating  this  with  water,  the  fluoride 
of  potassium  dissolves,  and  the  boron  remains  alone.  In  washing  it 
farther,  instead  of  pure  water,  which  causes  the  oxidation  of  boron,  a 
solution  of  sal  ammoniac  should  be  employed,  which  does  not  act 
upon  that  body,  and  the  sal  ammoniac  remaining  in  the  boron  may 
be  taken  up  by  alcohol. 

Properties. — Thus  prepared,  boron  is  obtained  in  the  form  of  a 
greenish  brown  powder,  without  the  metallic  lustre,  which  becomes 
hard  and  assumes  a  deeper  colour,  when  ignited  in  vacuo,  or  in  gases 
which  do  not  combine  with  it,  but  undergoes  no  farther  change. 
Heated  in  atmospheric  air  or  oxygen  it  burns  with  a  vivid  hght, 
scintillating  powerfully,  and  forms  boracic  acid.  Nitric  acid  and 
many  other  substances  also  oxidate  it  easily,  and  always  produce 
that  compound.  Fused  with  carbonate  of  potash,  it  decomposes  the 
carbonic  acid,  and  gives  borate  of  potash,  carbon  being  liberated. 
Boron  is  not  known  to  possess  any  other  degree  of  oxidation.    Boron 
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combines  with  sulphur,  with  the  disengagement  of  Hght,  when  heated 
in  the  vapour  of  that  substance ;  and  it  takes  fire  spontaneously  in 
chlorine,  and  forms  a  gaseous  chloride  of  boron,  of  wliich  the  formula 
is  BCI3,  and  the  density  3942  by  observation  and  4035  by  calcula- 
tion. Tliis  gas  is  composed  of  2  vols,  of  boron  vapour  and  6  of 
cldorine,  condensed  into  4  vols.,  which  are  its  combining  measure. 
It  may  likewise  be  formed  by  transmitting  chlorine  gas  over  a  mix- 
ture of  boracic  acid  and  charcoal,  ignited  in  a  porcelain  tube.  A 
corresponding  fluoride  of  boron  is  evolved  from  boracic  acid,  ignited 
with  the  fluoride  of  calcium  or  fluor-spar,  with  the  formation  of 
borate  of  lime.  The  density  of  this  fluoride  is  2312.4.  Both  of 
these  gases  are  decomposed  by  water,  boracic  acid  being  formed  with 
hydrochloric  or  hydrofluoric  acid. 

Boracic  or  Boric  acid. — This  acid  is  prepared  by  dissolving  the 
salt  borax  at  212°  in  two  and  a  half  times  its  weight  of  water,  and 
adding  enough  of  hydrochloric  acid  to  make  the  liquid  strongly  acid 
to  test  paper.  Chloride  of  sodium  is  formed,  which  continues  in 
solution,  while  the  boracic  acid  separates  in  thin  shining  crystalline 
plates,  on  cooling.  These  plates  are  drained,  and  being  sparingly 
soluble,  may  be  washed  with  a  little  cold  water,  and  afterwards  redis- 
solved  in  boiling  water,  and  made  to  crystallize  anew.  Eused  at  a 
red  heat  in  a  platinum  crucible,  these  plates  give  the  vitrified  acid, 
of  which  the  density  is  1*83.  Boracic  acid  has  a  w^eak  taste,  which  is 
scarcely  acid,  and  it  affects  blue  litmus  Kke  carbonic  acid,  imparting  to 
it  a  wine-red  tint,  and  not  that  clear  red,  free  from  purple,  which  the 
stronger  acids  produce.  It  renders  yellow  turmeric  paper,  brown,  like 
the  alkalies.  The  acid  of  the  carbonates,  however,  is  disj)laced  by 
boracic  acid  in  the  cold,  and  at  a  red  heat  this  acid  decomposes  even 
the  sulphates,  from  its  comparative  fixity.  The  crystals  of  boracic  acid 
are  a  hydrate,  and  contain  3  equivalents  of  water,  of  which  the  formula 
is  HO.BO3  +  2HO.  At  60°  it  requires  25.66  times  its  weight  of 
water  to  dissolve  it,  but  only  2.97  times  at  212.°  With  the  assist- 
ance of  the  vaj)our  of  water,  it  is  slightly  volatile,  but  alone  it  is 
more  fixed,  and  fuses,  under  a  red  heat,  into  a  transparent  glass.  At 
the  white  heat  of  our  furnaces  boracic  acid  does  not  boil ;  but  the 
tension  of  its  vapour  is  so  considerable  at  that  temperature  that  it 
evaporates  entirely  away  in  the  end.  The  hydrated  acid  dissolves 
in  alcohol,  and  the  solution  burns  with  a  fine  green  flame.  It  com- 
municates fusibility  to  many  substances  in  uniting  with  them,  and 
generally  forms  a  glass.  On  this  account  borax  is  much  used  as  a 
flux. 
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BoralcH. — Boracic  acid  is  remarkable  for  the  variety  of  propor- 
tions in  wliicli  it  unites  with  alkalies ;  all  these  borates  have  an 
alkaline  reaction  like  the  carbonates.  The  relative  proportions  of 
oxygen  and  boron  in  boracic  acid  are  known,  but  the  number  of 
equivalents  of  these  elements  in  this  acid  is  not  so  certain.  Dumas 
inferred  from  the  density  of  the  chloride  that  it  is  a  terchloride,  and 
boracic  acid,  which  corresponds,  will  therefore  consist  of  3  eq.  of 
oxygen  to  1  eq.  of  boron,  and  its  formula  be  BO3.  This  makes  borax 
the  biborate  of  soda. 


SECTION  VI. 

SILICON    OR   SILICIUM. 

Eq.  21.35  or  206*82;   Si;  density  of  vapour  (hypothetical) 


1475;   |_^| 

Silica  or  siliceous  earth,  the  oxide  of  the  present  element,  is  the 
most  abundant  of  all  the  matters  which  compose  the  crust  of  the 
globe.  It  constitutes  sand,  the  varieties  of  sand-stone  and  quartz 
rock,  and  enters  into  felspar,  mica,  and  a  great  vaiiety  of  minerals, 
which  form  the  basis  of  other  rocks. 

Preparation. — Silica  may  be  decomposed  by  heating  it  with 
potassium,  which  deprives  it  of  oxygen ;  but  a  better  process  for  ob- 
taining sihcon  is  to  heat  the  double  fluoride  of  silicon  and  potassium, 
with  8  or  9-lOths  of  its  weight  of  potassium,  with  the  same  precau- 
tions as  in  the  preparation  of  boron.  The  materials,  however,  in 
this  case  may  be  heated  in  a  glass  tube,  as  well  as  in  an  iron  cylinder. 
The  double  fluoride  employed  is  prepared  by  neutralizing  fluosilicic 
acid  with  potash.  A  different  process  is  suggested  by  Berzelius, 
which  consists  in  heating  potassium  in  a  tube  of  hard  glass  with  a 
small  bulb  blown  upon  it,  which  is  filled  with  the  vapour  of  the 
fluoride  of  silicon,  supplied  from  the  ebullition  of  that  liquid  con- 
tained in  a  small  retort  connected  with  the  glass  tube.  The  potas- 
sium burns  in  this  vapour,  and  at  the  end,  silicon  is  found,  with 
fluoride  of  potassium,  in  the  place  of  the  metal  (Trait6,  t.  1,  p.  307). 
But  the  silicon  from  all  these  processes  is  always  in  combination  with 
a  little  potassium,  and  mixed  with  a  little  fluoride  of  silicon  and 
potassium  unreduced.  Hence,  on  applying  cold  water  to  the  mass, 
hydrogen  gas  is  disengaged,  and  potash  formed,  and  the   silicon 
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separates.  The  potash  thus  produced  can,  with  the  aid  of  hot  water, 
dissolve  the  silicon,  which  then  oxidates  and  becomes  silica,  so  that 
cold  water  only  must  be  employed  to  wash  the  silicon,  which  may  be 
thrown  upon  a  filter.  After  a  time,  the  liquid  which  passes  has  an 
acid  reaction,  which  arises  from  its  dissolving  an  acid  double  fluoride 
of  silicon  and  potassium,  of  sparing  solubiHty,  which  has  escaped 
decomposition,  and  is  mixed  with  the  silicon.  The  washing  is  con- 
tinued so  long  as  the  water  dissolves  anything. 

'Properties. — The  siHcon  which  is  thus  obtained  is,  in  its  pure 
state,  a  dull  brown  powder,  which  soils  the  fingers,  and  when  heated 
in  air  or  oxygen,  inflames  and  bums,  but  is  never  more  than  partially 
converted  into  silica.  It  may  be  ignited  strongly  in  a  covered 
crucible  without  loss,  and  then  shrinks  in  dimensions,  acquires  a 
deep  chocolate  colour,  and  becomes  so  dense  as  to  sink  in  oil  of 
vitriol.  By  this  ignition  the  properties  of  sihcon  are  altered  to  a 
degree  which  is  very  remarkable  in  a  simple  substance.  It  was  pre- 
viously readily  soluble  in  hydrofluoric  acid,  with  evolution  of  hy- 
drogen, and  in  caustic  potash,  but  it  is  now  no  longer  acted  upon  by 
that  or  any  other  acid,  nor  by  alkalies.  The  ignited  silicon  also 
refuses  to  burn  in  air  or  oxygen,  even  when  intensely  heated  by  the 
blowpipe  flame.  Charcoal,  it  will  be  remembered,  is  more  dense  and 
less  combustible  after  being  strongly  heated  j  but  that  substance  is 
not  altered  by  heat  to  the  same  extent  as  silicon.  Mixed  and 
heated  with  dry  carbonate  of  potash,  silicon  in  any  condition  is  oxi- 
dated completely,  its  action  upon  the  carbonic  acid  of  the  salt  being 
attended  with  ignition,  and  carbon  liberated.  Silicon  burns  when 
heated  in  sulphur  vapour,  and  forms  a  sulphide,  which  water  dis- 
solves, but  decomposes  at  the  same  time,  hydrosulphuric  acid  and 
silica  being  produced,  and  the  last,  notwithstanding  its  usual  insolu- 
bility, retained  in  solution.  Silicon  likewise  burns  in  chlorine ;  and 
the  chloride  of  silicon  may  be  otherwise  formed  by  transmitting 
chlorine  over  a  mixture  of  charcoal  and  silica  ignited  in  a  porcelain 
tube.  The  sihca  is  decomposed  by  neither  charcoal  nor  chlorine 
singly,  but  acting  together  upon  the  silica,  these  bodies  produce  car- 
bonic oxide  and  chloride  of  silicon.  This  compound  is  a  vola- 
tile liquid,  of  which  the  formula  is  Si  CI3 ;  that  of  the  sulpliide  of 
silicon  Si  S3. 

Silica  or  Silicic  Acid,  Si  O3. — This  earth,  which  is  the  only  oxide 
of  silicon,  constitutes  a  number  of  minerals,  nearly  in  a  state  of  pu- 
rity, such  as  rock-crystal,  quartz,  flint,  sandstone,  the  amethyst,  cal- 
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cedony^  cornelian,  agate,  opal,  &c.     The  first  chemical  examination 
of  its  properties  and  compounds  is  due  to  Bergman. 

Preparation. — Silica  may  be  had  very  nearly,  if  not  absolutely 
pure,  by  heating  a  colourless  specimen  of  rock-crystal  to  redness  and 
throwing  it  into  water,  after  which  treatment  the  mineral  may  be 
easily  pulverized.  It  is  obtained  in  a  state  of  more  minute  division, 
by  transmitting  the  gaseous  fluoride  of  silicon  (fluosilicic  acid)  into 
water ;  or  by  the  action  of  acids  upon  some  of  the  alkaline  com- 
pounds of  silica.  Equal  parts  of  carbonate  of  potash  and  carbonate 
of  soda  may  be  fused  in  a  platinum  crucible,  at  a  temperature  which 
is  not  high ;  and  pounded  flint  or  any  other  sihceous  mineral,  thrown 
by  little  and  little  into  the  fused  mass,  dissolves  in  it  with  an  efPerves- 
cence  due  to  the  escape  of  carbonic  acid  gas.  The  addition  of  the 
mineral  is  continued  so  long  as  it  determines  this  effervescence.  The 
mass  being  allowed  to  cool,  is  afterwards  dissolved  in  water  acidu- 
lated with  hydrocliloric  acid,  which  takes  up  the  silica  as  well  as  the 
alkalies  ;  the  liquor  is  filtered  and  then  evaporated  to  dryness.  The 
silica  may  contain  a  little  peroxide  of  iron  or  alumina,  to  dissolve 
which  the  saline  mass,  when  perfectly  dry,  is  moistened  with  concen- 
trated hydrochloric  acid,  and  after  two  hours  the  acid  mass  is  washed 
with  hot  water.  The  silica  remains  undissolved ;  it  may  be  dried 
well  and  ignited. 

Properties.— ^^\Q,'d.  so  prepared  is  a  white,  tasteless  powder,  wliich 
is  rough  to  the  touch,  and  feels  gritty  between  the  teeth.  It  is  ex- 
tremely mobile  wh^n  heated,  and  is  thrown  out  of  a  crucible,  at  a 
high  temperature,  by  the  slightest  breath  of  wind.  It  is  absolutely 
insoluble  in  water,  acids,  and  most  Hquids.  Finely  divided  silica,  how- 
ever, decomposes  an  alkaline  carbonate  at  the  boiling  point,  and  is  dis- 
solved. Its  density  is  2.66.  The  heat  of  the  strongest  wind-furnace 
is  not  sufficient  to  fuse  sihca,  but  it  melts  into  a  Hmpid  colourless 
glass  in  the  flame  of  the  oxihydrogen  blowpipe,  and  may  be  drawn 
out  into  threads  (Girardin) .  Sihca  is  found  frequently  crystallized, 
its  ordinary  form  being  a  six-sided  prism  terminated  by  a  six-sided 
pyramid,  as  in  rock-crystal.  Sometimes  the  prism  is  very  short  or 
disappears  entirely,  and  the  pyramid  only  is  seen,  as  in  ordinary 
quartz. 

Silicic  acid  dissolved  by  acids. — The  conditions  of  the  solu- 
bility of  silicic  acid  in  other  acids  are  peculiar.  Once  precipitated, 
whether  gelatinous,  like  boiled  starch,  or  pulverulent,  it  is  no  longer 
in  the  least  degree  soluble  either  in  water  or  acids.  If  to  a  dilute 
solution  of  an  alkaline  silicate,  hydrochloric  acid  be  added  slowly  and 
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drop  by  drop,  the  silicic  acid  is  precipitated  in  proportion  as  the 
alkali  is  neutralized.  But,  on  the  contrary,  no  silicic  acid  is  precipi- 
tated, if  strong  hydrochloric  acid  in  considerable  excess  be  added  all 
at  once  to  the  solution  of  alkaline  silicate,  or  if  the  latter  be  poured 
in  a  gradual  manner  into  hydrocliloric  acid  whether  strong  or  greatly 
diluted  with  water.  It  thus  appears  that  silicic  acid  only  dissolves 
in  the  stronger  acids,  when  presented  to  them  in  the  nascent  state, 
or  at  the  moment  of  leaving  another  combination.  It  appears  to 
enter  into  combination  with  the  acid  which  dissolves  it ;  for  if  the 
latter  is  exactly  neutralized  by  adding  a  strong  solution  of  potash, 
drop  by  drop,  the  whole  of  the  sihca  is  precipitated. 

A  pure  solution  of  sihcic  acid  in  hydrochloric  acid,  free  from 
saline  matter,  is  best  obtained  from  the  silicate  of  copper.  The 
latter  is  prepared  by  precipitating  chloride  of  copper  by  the  solution 
of  an  alkaline  silicate ;  washing  the  insoluble  silicate  of  copper 
which  falls,  by  several  times  mixing  it  with  water  and  allowing  it  to 
subside,  so  as  to  get  rid  of  the  chloride  of  potassium  present.  The 
silicate  of  copper  is  then  dissolved  in  hydrochloric  acid,  filtered,  and 
hydrosulplmric  acid  gas  made  to  stream  through  the  liquid,  to  pre- 
cipitate the  copper.  The  black  inslouble  sulphide  of  copper  is  removed 
by  filtration,  and  a  perfectly  colourless  solution  of  silicic  acid  is  ob- 
tained, which  may  be  boiled,  to  expel  the  excess  of  hydrosulphuric 
acid,  without  injury.  This  solution  is  very  acid,  and  when  neutralized 
by  ammonia  or  potash  it  allows  gelatinous  silica  to  precipitate. 

Hydrates  of  silicic  acid. — When  the  last  solution  of  silica  in 
hydrochloric  acid  is  evaporated  in  vacuo  over  fragments  of  quick- 
lime, it  deposits  the  protohydrate  of  silica  Si03  +  HO,  in  very  thin 
crystalline  filaments,  grouped  in  stars,  which  are  colourless,  transpa- 
rent, and  possessed  of  considerable  lustre.  Tliis  is  also  the  compo- 
sition of  the  gelatinous  silica,  precipitated  from  an  alkaline  silicate, 
when  allowed  to  dry  in  air.  The  silica  has  first  the  appearance  of  a 
transparent  jeUy,  which  is  tenacious,  and  cracks  on  drying,  forming 
a  mass  like  gum.  "WHien  this  hydrate  is  dried  at  212°,  one  half  of 
the  water  escapes,  and  another  definite  hydrate  2Si03  +  HO  remains 
(Doveri).  Another  hydrate  was  obtained,  by  M.  Ebehnen,  by  the 
spontaneous  decomposition  of  silicic  ether,  of  which  the  composition 
is  2Si03  +  3HO.  At  370°  C.  (698°  T.),  silicic  acid  does  not  retain 
more  than  a  trace  of  water."^ 


*  Doveri :  Observations  on  the  Properties  of  Silica,  Annales  de  Chim.  et  de  PJiys 
xxi.  p.  40  (1847). 
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Hydrofluoric  acid  has  an  affinity  quite  peculiar  for  silica,  decom- 
posing it,  and  carrying  off  the  silicon,  in  the  form  of  the  volatile 
fluoride  of  silicon  : — 

8HF  and  SiOg^SiPg  and  3H0. 

The  water  of  springs  and  wells  always  contains  a  little  soluble 
silica,  which  can  only  be  separated  by  evaporating  the  water  to  dry- 
ness. In  some  mineral  waters  the  proportion  of  silica  is  very 
considerable,  and  it  is  often  associated  with  an  alkaline  carbonate, 
which  silica  is  capable  of  decomposing  at  the  boiling  point ;  as  in  the 
hot  alkaline  spring  of  Eeikum  in  Iceland,  and  in  the  boiling  jets  of 
the  Geyser,  wliich  deposit  about  their  crater  an  incrustation  of  silica. 
There  can  be  no  doubt  likewise  that  much  of  the  crystalline  quartz  in 
nature,  besides  all  the  agates,  calcedonies,  and  siliceous  petrifactions, 
have  been  formed  from  an  aqueous  solution. 

Silicates. — Although  silica  has  no  acid  reaction,  it  is  certainly 
an  acid,  and  is  indeed  capable  of  displacing  the  most  powerful  of  the 
volatile  acids  at  a  high  temperature.  It  is  capable  of  uniting  with 
metallic  oxides,  by  way  of  fusion,  in  a  great  variety  of  proportions. 
Its  compounds  with  excess  of  alkali  are  caustic  and  soluble,  but 
those  with  an  excess  of  silica  are  insoluble,  and  form  the  varieties  of 
glass,  which  wiU  be  described  under  the  silicate  of  soda.  With 
alumina  it  forms  the  less  fusible  compounds  of  porcelain  and  stone- 
ware, which  will  be  noticed  under  that  earth.  A  large  number  of 
mineral  species  also  are  earthy  silicates.  It  seems  probable  that 
silicic,  like  phosphoric  acid,  forms  several  classes  of  salts,  of  which 
those  containing  the  largest  number  of  atoms  of  base  are  the  most 
easily  decomposed  by  acids.  At  the  same  time,  some  allatropic  dif- 
ference may  be  suspected  between  the  silicic  acid  itself,  as  it  exists 
in  these  different  classes  of  salts,  such  as  there  is  between  ignited  and 
unignited  silicon. 

The  formula  for  silicic  acid  is  not  very  certainly  estabHshed.  Most 
chemists  admit  it  to  be  SiOg,  or  analogous  to  sulphuric  acid  SO3, 
and  then  the  equivalent  of  silicon  is  266.7.  But  others  adopt  the 
formula  SiOg,  considering  silicic  acid  analogous  to  carbonic  acid 
CO2;  the  equivalent  of  silicon  then  becomes  177.S.  The  last  view 
is  most  in  accordance  with  the  density  of  silicic  ether  vapour.  On 
the  other  hand,  the  composition  of  two  hitermediate  comj)ounds 
between  the  chloride  of  sihcon  SiCly  and  the  sulphide  of  silicon 
SiSa,  namely,  SiSClg  and  SiS^Cl,  is  most  simply  represented  on  the 
first  view.     (Is.  Pierre). 
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SULPHUR. 

Eq.  16  or  200 ;  S;    at  900°,  density  of  vapour  6634,  and  com- 

hming  measure  1-3^  volume)  at  1800°,  density  about  one-third 

of  above,  and  combining  measure  1  volume  \    \  . 

This  element  is  exhaled  in  large  quantity  from  volcanoes,  either  in 
a  pure  state  or  in  combination  with  hydrogen,  and  by  condensing  in 
fissures  forms  sulphnr  veins,  from  which  the  greater  part  of  the  sul- 
phur of  commerce  is  derived."^  It  exists  also  in  combination  with 
many  metals,  as  iron,  lead,  copper,  zinc,  &c. ;  and  is  sometimes 
extracted  from  iron  pyrites  or  bisulphide  of  iron.  Sulphur  is 
classed  with  oxygen ;  and  the  higher  sulphides  resemble  peroxides 
in  losing  a  portion  of  their  siQphur,  as  some  of  the  latter  lose 
a  portion  of  their  oxygen,  when  strongly  heated.  Sulphur  is  like- 
wise extensively  diffused,  as  a  constituent  of  the  sulphuric  acid,  in 
gypsum  and  other  native  sulphates.  This  element  also  enters  into  the 
organic  kingdom,  being  invariably  associated  in  minute  quantity  with 
albuminous  or  protein  compounds. 

Properties. — Sulphur  is  found  in  commerce  in  rolls,  which  are 
formed  by  pouring  melted  sulphur  into  cylindrical  moulds,  and  also 
in  the  form  of  a  fine  crystalHne  powder,  the  flowers  of  sulphur,  which 
are  obtained  by  tlirowing  the  vapour  of  sulphur  into  a  close  apart- 
ment, of  which  the  temperature  is  below  the  point  of  fusion  of  that 
substance,  and  in  which  the  sulphur  therefore  condenses  in  the  solid 
form  and  in  minute  crystals,  just  as  watery  vapour  does  in  the  at- 
mosphere below  32°,  in  the  form  of  snow.  The  purity  of  the  flowers 
is  more  to  be  depended  '  upon  than  that  of  roll-sulphur.  Sulphur  is 
insipid  and  generally  inodorous,  but  acquires  an  odour  when  rubbed ; 
it  is  very  friable,  a  roll  of  it  generally  emitting  a  crackling  sound, 
and  sometimes  breaking,  when  held  in  the  warm  hand.  Its  specific 
gravity  is  1.98.  It  fuses  at  234°,  forming  a  transparent  and  nearly 
colourless  liquid,  which  is  lighter  than  the  solid  sulphur.  As  the 
temperature  is  elevated,  the  liquid  becomes  more  yellow,  and  passes 
abruptly  into  a  dark  brown  at  482°.  These  allatropic  conditions  are 
distinguished  by  Prankenheim  as  Sa,  and  S^.  In  the  last  state  it  is  so 
thick  and  viscous  as  to  flow  with  difiiculty.  This  change  in  its  degree 
of  fluidity  is  not  occasioned  by  an  increase  of  density,  for  fluid  sulphur 
continues  to  expand  with  the  temperature.  Throw^n  into  water,  while  in 
this  condition,  sulphur  forms  a  mass  which  remains  soft  and  transparent 

*  See  Recherches  siu-  les  fumerolles,  par  MM.  Melloiii  and  Piria  :  Annales  de  Chim. 
et  de  Phys.  2de  ser.  Ixxiv.  331. 
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for  some  time  after  it  is  perfectly  cool,  and  may  be  dra^vn  into  threads 
which  have  considerable  elasticity.  From  500°  to  its  boiling  point 
788°,  when  it  is  distinguished  as  Sy,  it  becomes  again  more  fluid, 
and  if  allowed  to  cool  returns  through  the  same  conditions,  becoming 
again  very  fluid,  before  freezing.  Sulphur  has  considerable  volatility, 
beginning  to  rise  in  vapour  before  it  is  completely  fused.  At  its 
boiling  point  it  forms  a  transparent  vapour  of  an  orange  colour,  and 
distils  over  unchanged.  The  density  of  this  vapour,  taken  a  little 
above  its  boiling  point,  is  very  considerable,  being  observed  to  lie 
between  6510  and  6617  by  Dumas,  to  be  6900  by  Mitscherlich. 
These  results  indicate  the  unusual  combining  measure  of  l-3d  of  a 
volume  for  this  vapour,  which  gives  the  theoretical  density  6634. 
But  sulphur  vapour  has  lately  been  shown  by  M.  Bineau  to  be  one  of 
those  bodies  of  which  the  density  changes  with  the  temperature 
(page  156),  and  to  fall  at  1000°  C.  under  ordinary  pressure  to  about 
one-third  of  what  it  is  about  450°  or  500°  C.  The  anomaly  of  its 
density  is  thus  removed,  and  the  combining  measure  of  sulphur- 
vapour  made  to  be  1  volume,  or  the  same  as  oxygen. 

Sulphur  and  many  other  substances  may  be  obtained  in  distinct 
crystals,  on  passing  from  a  state  of  fusion,  by  operating  in  a  par- 
ticular manner.  A  considerable  quantity  of  sulphur  is  fused  in  a 
stoneware  crucible,  and  allowed  to  cool  till  it  begins  to  solidify ;  the 
solid  crust  which  covers  its  surface  is  then  broken,  and  the 
portion  remaining  fluid  poured  out.  On  afterwards  breaking  the 
crucible,  when  it  has  become  quite  cold,  the  sulphur  is  found  to  have 
a  considerable  cavity,  wliich  is  lined  with  fine  crj^stals,  like  a  geode  in 
quartz.  Sulphur  is  dimorphous ;  the  form  which  it  assumes  at  a  high 
temperature,  and  consequently  in  its  passage  from  a  state  of  fusion, 
is  a  secondary  modification  of  an  obhque  prism  with  a  rhomboidal 
base  (fig.  126),  belonging  to  the  Fifth  System  of  crj^stallization 
Fig.  126.  (page  167).      Sulphur  is 

soluble  in  the  sulphide  of 
carbon,    the   chloride   of 
sulphur  and   oil  of  tur- 
pentine, and  is  deposited  from  solution  in  these  menstrua  at  a  lower 
temperature,  and  of  its  second  form,  which  is  an  elongated  octohedron 
with  a  rhomboidal  base  (fig.  127),  belonging  to  the  Third  System. 
Fig.  127.  Such  is  likewise  the  form  of 

the  grains  of  flowers  of  sul- 
phur, and  of  the  fine  trans- 
parent crystals  of  native  sul- 
phur ;  which  last  appear  also  to 
be  formed  by  sublimation. 
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Sulphur  is  not  soluble  in  water  nor  in  alcohol.  It  combines  readily 
with  most  metals ;  some  of  them,  such  as  copper  and  silver  in  very 
thin  plates,  burning  in  its  vapour,  as  iron  does  in  oxygen  gas.  When 
iron  and  some  other  metals  are  mixed  in  a  state  of  division  with 
jBiowers  of  sulphur,  and  heat  apphed,  the  sulphur  first  melts,  and  after 
a  few  seconds  combination  ensues  with  turgescence  of  the  mass,  which 
becomes  red-hot.  Sulphur  unites  with  bodies  generally  in  the  same 
multiple  proportions  as  oxygen,  and  sometimes  in  additional  propor- 
tions, particularly  with  potassium,  and  the  metals  of  the  alkalies  and 
alkaline  earths.  Wlien  boiled  with  caustic  potash  or  lime,  red  solutions 
are  formed  which  contain  a  large  quantity  of  sulphur,  a  considerable 
proportion  of  which  is  deposited  as  a  white  hydrate  of  sulphur,  upon 
the  addition  of  an  acid.  With  hydrogen,  sulphur  unites  in  single 
equivalents,  and  forms  hydrosulphuric  acid  gas,  which  is  the  analogue 
of  water  in  the  sulphur  series  of  compounds ;  and  also  another  com- 
pound, the  bisulphide  of  hydrogen,  which  is  deficient  in  stability,  like 
the  binoxide  of  hydrogen,  and  is  decomposed  or  preserved  by  similar 
agencies. 

Sulphur  is  readily  inflamed,  taking  fire  below  its  boiling  point,  and 
burning  with  a  pale  blue  flame  and  the  formation  of  suffocating 
fumes,  which  are  sulphurous  acid  gas.  It  exhausts  the  oxygen  of  a 
confined  portion  of  air  by  its  combustion  more  completely  than 
carbonaceous  combustibles,  and  on  that  account,  and  partly  also 
from  a  negative  influence  which  sulphurous  acid  has  upon  the  com- 
bustion of  other  bodies,  it  may  be  employed  in  particular  circum- 
stances to  extinguish  combustion ;  a  handful  of  lump  sulphur  being 
dropped  into  a  burning  chimney  as  the  most  effectual  means  of  extin- 
guishing it.  Sulphur  unites  directly  with  oxygen  only  in  the  pro- 
portion of  sulphurous  acid,  but  several  compounds  of  the  same  ele- 
ments may  be  formed,  which  are  all  acids ;  namely — 

1.  Sulphurous  acid  . 

2.  Hyposulphurous  acid    . 

3.  Sulphuric  acid     . 

4.  Hyposulphuric  acid 

5.  Monosul-hyposulphuric  acid 

6.  Bisul-hyposulphuric  acid 

7.  Trisul-hyposulphuric  acid 

Uses. — Erom  its  ready  inflammability  sulphur  has  long  been  ap- 
plied to  wood-matches.     But  its  most  considerable  applications  are 
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in  the  composition  of  gunpowder  and  other  deflagrating  mixtures, 
and  in  the  manufacture  of  sulphuric  acid,  which  there  will  again  be 
occasion  to  notice  in  a  more  particular  manner. 


SULPHUROUS  ACID. 

Eq.  32  or  400;  SOg;  density  of  gas  2247;  comhiniug 
measure    \    \    \ 

Sulphurous  acid  was  distinguished  as  a  particular  substance  by 
Stahl,  and  first  recognised  as  a  gas  by  Dr.  Priestley.  It  was  sub- 
sequently analyzed  with  accuracy  by  Gay-Lussac  and  by  Berzelius. 

Freparatiou. — When  sulphur  is  burned  in  dry  air  or  oxygen  gas, 
sulphurous  acid  is  the  sole  product,  and  the  gas  is  found  to  have 
undergone  no  change  in  volume.  But  sulphurous  acid  is  more  con- 
veniently prepared  in  laboratories  by  several  other  processes. 

(i.)  An  intimate  mixture  of  6  parts  of  binoxide  of  manganese 
and  1  part  of  flowers  of  sulphur  is  heated  in  a  small  retort  of  hard 
glass  (fig.  128 ;)  the  gas  is  carried  through  a  wash-bottle  to  arrest  a 

little  vapour  of  sulphur  which 
^^^'  ^^^'  is  carried  over.     Here  the  sul- 

phur is  burnt  at  the  expense  of 
a  portion  of  the  oxygen  of  the 
binoxide  of  manganese.  Sul- 
phurous acid,  which  is  the  pro- 
duct of  the  combustion,  escapes, 
and  protoxide  of  manganese  re- 
mains in  the  retort.     (Regnault.) 

S  and  2  MnOa  =  SOg  and  2  Mn  O. 

(2.)  By  heating  oil  of  vitriol  upon  mercury  or  copper,  either  of  which 
becomes  an  oxide  at  the  expense  of  one  portion  of  the  sulphuric  acid, 
and  thereby  causes  the  formation  of  sulphurous  acid.  Sheet  copper 
cut  into  small  pieces  is  put  into  a  flask  to  which  undiluted  oil  of 
vitriol  is  added,  and  a  moderate  heat  applied.  The  gas  is  carried 
through  a  bottle,  containing  a  little  water  to  condense  the  vapour 
of  sulphuric  acid,  of  which  a  little  is  carried  over,  and  afterwards 
through  a  tube  containing  chloride  of  calcium,  if  it  is  desired  to 
dry  the  gas. 
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(3.)  Charcoal,  chips  of  wood,  straw,  and  such  bodies,  occasion 
a  similar  decomposition  of  sulphuric  acid,  when  heated  with  it, 
but  the  gas  is  then  mixed  with  a  large  quantity  of  carbonic  acid. 
If  the  sulphurous  acid,  however,  is  to  be  used  to  impregnate 
water,  or  in  making  alkabne  sulphites,  the  presence  of  that  gas  is 
immaterial.  With  that  object,  a  quantity  of  oil  of  vitriol,  equal  in 
volume  to  4  ounce  measures  of  water,  which  for  brevity  may  be 
spoken  of  as  4  ounce  measures  of  oil  of  vitriol,  is  introduced  into 
a  flask  with  half  an  ounce  of  pounded  wood-charcoal,  and  the  two 
substances  well  mixed  with  agitation  (fig.  1^9).  Effervescence  takes 
Fig.  129.  place  upon  applying  heat  to  the  flask,  from 

the  evolution  of  gas,  which  may  be  con- 
ducted in  the  first  instance  into  an  inter- 
mediate phial,  through  the  cork  of  which 
a  stout  tube  passes,  open  at  both  ends, 
and  about  3-8ths  of  an  inch  in  internal 
diameter.  This  phial  contains  about  an 
ounce  of  water,  into  which  the  wider  tube 
dips,  and  the  tube  from  the  flask  descends 
still  lower.  The  phial  serves  the  pur- 
pose of  a  wash-bottle  in  condensing  any 
sulphuric  acid  vapour  that  may  be  carried 
over  by  the  gas,  or  of  intercepting  the  liquid  material  in  the  flask,  if 
thrown  out  by  ebullition,  and  also  of  preventing  the  liquid  in  the 
second  bottle  from  passing  back,  by  the  glass  tube,  into  the  gene- 
rating flask,  on  the  occurrence  of  a  contraction  of  the  air  in  that 
flask,  by  cooling  or  any  other  cause.  When  that  contraction 
happens  in  this  arrangement,  the  external  air  enters  the  intermediate 
phial  by  its  open  tube.  The  second  bottle  is  nearly  filled  with  water 
to  be  impregnated  by  the  gas. 

Properties. — Water  at  60°  is  capable  of  dissolving  nearly  50  times 
its  volume  of  sulphurous  acid,  which  makes  it  necessary  to  collect  this 
gas  for  examination  by  displacement  of  air,  or  in  jars  filled  with 
mercury  in  the  mercurial  trough.  Its  density  is  2247,  and  it  contains 
2  volumes  of  oxygen  with  I  volume  of  sulphur  vapour  (density  2211), 
condensed  into  2  volumes,  which  form  its  combining  measure.  It 
may  easily  be  obtained  in  the  liquid  state  by  transmitting  the  dry  gas 
obtained  by  the  first  or  second  process  through  a  U  shaped  tube, 
surrounded  by  a  freezing  mixture  of  ice  and  salt,  or  better,  of  ice  and 
chloride  of  calcium.  It  forms  a  colourless  and  very  mobile  liquid, 
of  sp.  gr.  1.45,  which  boils  at  14°.     The  volatility  of  this  liquid  is 
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small  at  considerably  lower  temperatures,  and  it  is  not  applicable  with 
advantage  to  produce  intense  cold  by  its  evaporation  (Kemp.)  Sul- 
phurous acid  crystallizes  from  a  saturated  solution  in  water,  at  a 
temperature  of  4  or  5  degrees  above  32°,  in  combination  with  28  per 
cent,  of  water  or  9  equivalents,  SOg  +  QHO  (Pierre). 

Sulphurous  acid  is  not  decomposed  by  a  high  temperature ;  but 
several  substances,  such  as  carbon,  hydrogen,  and  potassium,  which 
have  a  strong  affinity  for  oxygen,  decompose  it  at  a  red  heat.  This 
acid  blanches  many  vegetable  and  animal  colours, — thus  violets 
plunged  for  a  short 'time  into  a  solution  of  sulphurous  acid  become 
completely  white ;  and  the  vapours  of  burning  sulphur  are  therefore 
employed  to  whiten  straw  and  to  bleach  silk,  to  which  they  also 
impart  a  peculiar  gloss.  The  colours  are  not  destroyed,  and  may  in 
general  be  restored  by  the  application  of  a  stronger  acid  or  an  alkali. 
Dry  sulphurous  acid  exhibits  no  affinity  for  oxygen,  but  in  contact 
with  a  little  water  these  gases  slowly  combine,  and  sulphuric  acid  is 
formed.  Trom  the  same  affinity  for  oxygen,  sulphurous  acid  deprives 
the  solution  of  permanganate  of  potash  of  its  red  colour,  and  throws 
down  iodine  from  iodic  acid.  It  decomposes  the  solutions  of  those 
metals  which  have  a  weak  affinity  for  oxygen,  such  as  gold,  silver, 
mercury  (with  heat),  and  throws  down  these  bodies  in  the  metallic 
state.  Sulphurous  acid  is  conveniently  withdra\\Ti  from  a  gaseous 
mixture  by  means  of  peroxide  of  lead,  which  is  converted  by  ab- 
sorbing this  gas  into  the  white  sulphate  of  lead.  By  nitric  acid, 
sulphurous  acid  is  immediately  converted  into  sulphuric  acid. 
,  Sulphites. — The  alkaline  sulphites  have  a  considerable  resem- 
blance to  the  corresponding  sulphates.  Their  acid  is  precipitated  by 
the  chloride  of  barium,  but  the  sulphite  of  baryta  is  dissolved  by  hy- 
drochloric acid.  When  in  solution  the  sulphites  gradually  absorb 
oxygen  from  the  air,  and  pass  into  sulphates.  Sulphurous  acid  is  a 
weak  acid,  and  its  salts  are  decomposed  by  most  other  acids. 

JJses. — Besides  the  application  of  which  sulphurous  acid  is  sus- 
ceptible in  bleacliing,  it  is  likewise  employed  in  Trench  hospitals,  in 
the  treatment  of  diseases  of  the  skin.  The  gas  is  then  applied  in 
the  form  of  a  bath.  (Dumas,  Traite  de  Chimie  appHquee  aux  Arts, 
i.  151). 

This  oxide  of  sulphur,  besides  acting  as  an  acid,  has  been  sup- 
posed to  play  the  part  of  a  radical,  like  carbonic  oxide,  and  to  per- 
vade a  class  of  compounds,  in  which  hyposulphurous  acid  and  sul- 
phuric acid  are  included  : — 

2d 
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Sulphurous  acid         .... 

S02 

Sulphuric  acid 

SO^-fO 

Hyposulphurous  acid. 

S02+S 

Chlorosulphuric  acid  .... 

S02+C1 

Nitrosulphuric  acid    .... 

S02+N02 

Azotosulpliuric  acid  . 

2S02+N05 

SULPHURIC  ACID. 

Eq.  40  or  500  ;  SO3;  density  of  vapour  2762;     [    |    | 

Chemists  have  been  in  possession  of  processes  for  preparing  this 
acid  since  the  end  of  the  fifteenth  century.  It  is  of  all  reagents  the 
one  in  most  frequent  use_,  being  tlie  key  to  the  preparation  of  most 
other  acids;  which,  in  consequence  of  its  superior  affinities,  it 
separates  from  their  combinations ;  and  being  the  acid  preferred  to 
others,  from  its  cheapness,  for  various  useful  and  important  purposes 
in  the  arts. 

Preparation,, — Sulphuric  acid  was  first  obtained  by  the  distilla- 
tion of  green  vitriol  or  copperas,  a  native  sulphate  of  iron,  and  this 
process  is  still  followed  in  Bohemia,  for  the  preparation  of  a  highly 
concentrated  acid,  known  as  the  Nordhausen  acid,  from  being  long 
produced  at  Nordhausen  in  Saxony.  The  sulphate  of  iron  contains 
seven  equivalents  of  water,  and  is  first  dried,  by  which  its  water 
is  reduced  considerably  below  a  single  equivalent,  and  then  distilled 
in  a  retort  of  stoneware  at  a  red  heat.  "When  the  experiment 
is  performed  on  a  small  scale,  the  heat  of  an  argand  spirit-lamp 
is  sufficient ;  and  in  the  place  of  copperas,  the  sulphate  of  iron  pre- 
viously peroxidized,  the  sulphate  of  bismuth,  of  antimony,  or  of 
mercury,  may  be  employed.  The  first  effect  of  heat  upon  the  dried 
sulphate  of  iron  is  to  cause  an  evolution  of  sulphurous  acid  gas,  a 
portion  of  sulphuric  acid  being  decomposed  in  converting  the  pro- 
toxide of  iron  of  that  salt  into  sesquioxide, 

2  (FeO.SOg)  =  SO2  and  SO3  and  re203; 

but  the  salt  used  in  Bohemia,  it  appears,  is  a  native  sulphate,  in 
which  the  greater  part  of  the  iron  is  already  in  the  state  of  sesqui- 
oxide, so  that  little  sulphurous  acid  is  lost.  Vapours  afterwards  come 
over,  which  condense  into  a  fuming  liquid,   generally  of  a  black 
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colour,  and  of  a  density  about  1.9,  which  is  the  Nordhausen  acid, 
and  contains  less  than  one  equivalent  of  water  to  two  of  sulphuric 
acid.  This  acid  is  preferred  for  dissolving  indigo,  and  for  some  other 
purposes  in  the  arts,  and  is  the  best  source  of  anhydrous  sulphuric 
acid. 

But  sulphuric  acid  is  prepared,  in  vastly  greater  quantity,  by  the 
oxidation  of  sulphur.  When  burned  in  air  or  oxygen,  sulphur  does 
not  attain  a  higher  degree  of  oxidation  than  sulphurous  acid,  but  an 
additional  proportion  of  oxygen  may  be  communicated  to  it  by  two 
methods,  and  sulphuric  acid  formed. 

1.  When  a  mixture  of  sulphurous  acid  and  air,  which  must  be 
previously  dried,  is  made  to  pass  over  spongy  platinum,  or  a  ball  of 
clean  platinum  wire,  at  a  high  temperature,  the  sulphurous  acid  is 
converted  into  sulphuric  acid  at  the  expense  of  the  oxygen  of  the 
air.  After  a  time,  however,  the  platinum  loses  this  property,  and  the 
process,  although  interesting  in  a  scientific  point  of  view,  does  not 
answer,  on  account  of  that  change,  as  a  manufacturing  method. 

2.  Sulphurous  acid  mixed  with  air  may  be  converted  into  sul- 
phuric acid,  by  the  agency  of  nitric  oxide,  which  is  the  process  gene- 
rally pursued  in  the  manufacture  of  this  acid.  The  theory  of  this 
latter  method,  which  is  by  no  means  obvious,  has  been  illustrated  by 
the  researches  of  Clement- Desormes,  Davy,  De  la  Provostaye,  and 
others.  It  is  generally  considered  as  depending  upon  the  following 
reactions : — 

1.  Wlien  binoxide  of  nitrogen  NO2  mixes  with  air  in  excess,  it  is 
instantly  converted  into  peroxide  of  nitrogen  NO4. 

2.  Peroxide  of  nitrogen  is  converted  by  contact  with  a  small  quan- 
tity of  water  into  the  nitrate  of  water  and  nitrous  acid. 

mO^  ajid  H0=H0.N05  andNOg. 

3.  Nitrous  acid  in  contact  with  a  large  quantity  of  water  is  con- 
verted into  nitrate  of  water  and  binoxide  of  nitrogen. 

3NO3  and  water  in  excess=H0.N05+ Water  and  2NO2. 

Consequently,  uniting  the  last  two  operations,  peroxide  of  nitrogen 
is  converted  by  a  large  quantity  of  water  into  nitric  acid  and  binoxide 
of  nitrogen. 

4.  Sulphurous  acid  takes  oxygen  from  hydrated  nitric  acid,  and 
becomes  sulphuric  acid,  disengaging  peroxide  of  nitrogen. 

As  the  peroxide  of  nitrogen  gives  nitric  acid  and  binoxide  of 
nitrogen  (3),  and  the  last  gas  is  converted  by  air  into  peroxide  of 
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nitrogen  (1),  the  production  of  nitric  acid  may  be  repeated  without 
end,  and  more  and  more  sulphurous  acid  is  converted  by  the  latter 
into  sulphuric  acid.  It  thus  appears  that  with  a  sufficient  supply  of 
air  or  oxygen,  a  small  quantity  of  nitric  acid  (or  of  binoxide  of 
nitrogen)  may  convert  a  large  quantity  of  sulphurous  acid  into  sul- 
phuric acid.  The  binoxide  of  nitrogen,  only  acting  as  a  purveyor  of 
oxygen,  is  re-obtained  entire,  without  loss,  at  the  end  of  the  process. 
The  sulphurous  has  derived  the  oxygen  necessary  to  convert  it  into 
sulphuric  acid,  really  from  the  air,  but  in  an  indirect  manner. 

In  the  manufacture  upon  the  large  scale,  the  sulphurous  acid  is 
converted  into  sulphuric  acid,  in  oblong  chambers  of  sheet-lead,  sup- 
ported by  an  external  framework  of  wood.  Sulphurous  acid  from 
burning  sulphur,  nitric  acid  vapour,  and  steam,  are  simultaneously 
admitted  into  the  leaden  cliamber ;  and  the  sulphuric  acid  formed 
accumulates  in  the  liquid  state  upon  the  floor  of  the  chamber.  The 
diagram  below  represents  one  of  the  forms  of  the  chamber,  with  its 
appendages. 

Fig.  130. 


a  represents  the  water  boiler  with  its  furnace,  for  supplying  the 
chamber  with  steam ;  hj  the  section  of  a  small  chamber  in  brickwork, 
or  furnace,  called  the  burner,  upon  the  floor  of  which  the  sulphur 
burns,  and  in  which  there  is  a  tripod  supporting  an  iron  capsule, 
which  contains  the  materials  for  nitric  acid,  namely,  oil  of  vitriol, 
and  either  nitre  or  nitrate  of  soda.  The  heat  of  the  burning  sul- 
phur evolves  the  nitric  acid  from  these  materials,  and  consequently 
the  sulphurous  acid  becomes  mixed  witli  nitric  acid  vapour,  which 
it  carries  forward  with  it,  by  a  tube  represented  in  the  figure,  into 
the  chamber,  where  these  acid  vapours  meet  with  the  steam  admitted 
near  the  same  point,  and  the  formation  of  sulphuric  acid  takes  place. 
The  nitric  acid  vapour  is  equivalent  to  binoxide  or  to  peroxide  of 
nitrogen,  as  the  first  effect  of  the  sulphurous  acid  is  to  reduce  the  nitric 
acid  to  a  lower  state  of  oxidation.  From  8  to  19  parts  of  sulphur  are 
consumed  in  the  burner  for  1  part  of  nitrate  of  soda  decomposed 
there,  so  that  the  quantity  of  nitrous  fumes  is  small  compared  with 
the  quantity  of  sulphurous  acid  thrown  into  the  chamber.  The 
chamber  represented  is  72  feet  in  length  by  14  in  breadth,  and  10 
in  height,  and  is  divided  into  three  compartments,  by  leaden  curtains 
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placed  across  it,  two  of  whicli,  d  and/,  are  suspended  from  the  roof, 
and  reach  to  witliin  six  inches  of  the  floor,  and  one,  e,  rises  from  the  floor 
to  within  six  inches  of  the  roof:  ^  is  a  leaden  conduit  tube,  for  the 
discharge  of  the  uncondensible  gases,  which  should  communica.te 
with  a  tall  chimney,  to  carry  off'  these  gases  and  to  occasion  a  slight 
draught  through  the  chamber.  The  curtains  serve  to  detain  the 
vapours,  and  cause  them  to  advance  in  a  gradual  manner  through  the 
chamber,  so  that  tlie  sulphuric  acid  is  deposited  as  completely  as 
possible,  before  the  vapours  reach  the  discharge  tube.  When  the 
oxygen  of  the  chamber  is  exhausted,  the  admission  of  acid  vapours 
is  discontinued,  till  the  air  in  it  is  renewed.  But  the  admission  of 
air  to  the  chamber  is  generally  so  regulated,  that  a  continuous  cur- 
rent is  maintained  through  the  chamber,  and  the  combustion  proceeds 
without  interruption.  When  steam  is  admitted  in  proper  quantity, 
as  in  this  method,  it  is  not  necessary  to  begin  by  covering  the  floor 
with  water. 

The  acid  may  be  drawn  off  from  the  floor  of  the  chamber  of  a 
sp.  gr.  as  high,  as  1.6  It  is  further  concentrated  in  open  leaden 
pans,  till  it  begins  to  act  upon  the  metal,  and  afterwards  in  retorts  of 
platinum  or  glass.  It  still  retains  small  quantities  of  nitrous  acid 
and  sulphate  of  lead,  from  which  it  can  be  completely  purified  by 
dilution  with  water  and  a  second  distillation.  The  acid  thus  ob- 
tained, in  its  most  concentrated  state  is  a  definite  compound  of  one 
eq.  acid  and  one  eq.  of  water,  HCSOg,  which  last  cannot  be 
separated  by  heat,  the  hydrate  distilling  over  unchanged.  It  is  the 
Oil  of  Vitriol  of  commerce. 

The  construction  of  the  leaden  chamber  is  greatly  varied  ;  one 
chamber  of  great  dimensions  is  often  used  without  any  division  by 
curtains ;  or  the  vapour  is  carried  successively  through  a  series  of 
three,  four,  or  five  connected  chambers.  The  sulphurous  acid,  also,  is 
often  derived  from  the  combustion  of  bisulphide  of  iron  (iron 
pyrites),  instead  of  sulphur ;  a  peculiar  kiln  or  flue  being  employed 
for  burning  the  former.  At  the  suggestion  of  Gay-Lussac,  the 
nitrous  vapour,  as  it  ultimately  leaves  the  chamber  wath  the  air  ex- 
hausted of  oxygen,  is  absorbed  by  being  made  to  pass  tlirough  a 
column  of  coke,  over  which  a  stream  of  the  concentrated  sulphuric 
acid  is  flowing.  The  sulphuric  acid,  after  being  charged  with  nitrous 
vapours  or  nitric  acid,  is  transported  back  to  the  anterior  part  of 
the  chamber,  and  there  exposed  to  the  sulphurous  acid,  as  the  latter 
leaves  the  sulphur  burner.  This  exposure  denitrates  the  sulphuric 
acid,  much  sulphurous  acid  becoming  sulphuric  acid,  and  peroxide 
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of  nitrogen  being  liberated  in  the  state  of  vapour.  (See  Knapp's 
Chemical  Technology,  edited  by  Drs.  Eonalds  and  Richardson,,  i.  230.) 
When  the  supply  of  aqueous  vapour  in  the  chamber  is  insufficient, 
a  wliite  crystalKne  compound  appears,  known  as  the  crystalline  sub- 
stance of  the  leaden  chambers  :  it  is  deposited  most  frequently  in  the 
tube  by  which  two  chambers  communicate.  It  contains  the  ele- 
ments of  2  eq.  sulphuric  acid,  and  1  eq.  nitric  acid,  2  SOg  -f  NO5 ; 
but  several  other  views  of  the  arrangement  of  its  elements  may  be 
entertained  with  equal  probability.  This  substance,  which  is  also 
termed  azoto-sulphuric  acid  (83  NO9),  is  decomposed  by  water,  and 
gives  sulphuric  acid,  nitric  acid,  and  binoxide  of  nitrogen : 


3  (S2  NOo)  and  7  HO  =  6  (HO.SO. 


and  HO.NO5,  and  2  NOg. 


Fig.  131. 


The  formation  of  the  crystaUine  substance,  and  the  general  opera- 
tion of  the  leaden  chamber,  may  be  illustrated  by  the  arrangement  in 
fig.  1 3 1 .  Einoxide  of  nitrogen  evolved  by  the  action  of  dilute  nitric  acid 

on  copper  in  the 
gas-bottle  C,  and 
sulphurous  acid 
evolved  by  the  ac- 
tion of  copper  clip- 
pings on  concen- 
trated sulphuric 
acid  in  the  flask 
B,  are  conveyed 
into  a  large  glass 
globe.  A,  contain- 
ing air.  Ruddy 
fumes  of  peroxide 
of  nitrogen  first  appear,  but  soon  the  inner  surface  of  the  globe 
is  frosted  over  with  the  crystalline  compound.  If  steam  or  water  be 
now  introduced,  by  one  of  the  free  tubes,  the  crystals  disappear  with 
effervescence,  from  escape  of  gas,  sulphuric  acid  is  produced,  and  the 
changes  are  repeated  tiU  the  air  in  A  is  exhausted. 

Properties. — Anhydrous  sulphuric  acid  is  obtained  by  gently 
heating  the  fuming  acid  of  Nordhausen  in  a  retort,  and  receiving  its 
vapour  in  a  bottle  artificially  cooled,  which  can  afterwards  be  closed 
by  a  glass  stopper.  It  condenses  in  solid  fibres,  like  asbestos,  which 
are  tenacious,  and  may  be  moulded  by  the  fingers  like  wax.  The 
density  of  the  solid  at  68°  is  1.97  :  at  77°  it  is  liquid ;  and  a  little 
above  that  temperature  it  enters  into  ebullition,  affording  a  colourless 
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vapour,  which  produces  dense  wliite  fumes  on  mixing  with  air,  by 
condensing  moisture.  The  dry  acid  does  not  redden  litmus,  an  effect 
which  requires  the  presence  of  moisture.  It  combines  with  sulphur, 
and  produces  liquid  compounds,  which  are  of  a  brown,  green,  and 
blue  colour,  and,  with  one-tenth  of  its  weight  of  iodine,  forms  a  com- 
pound of  a  fhie  green  colour,  which  assumes  the  crystalline  form. 
Heated  in  the  acid  vapour,  caustic  lime  or  baryta  inflames  and  bums 
for  a  few  seconds ;  the  vapour  is  absorbed,  and  sulphate  of  lime  or 
baryta  formed.  The  anhydrous  acid  has  a  great  affinity  for  water, 
and  when  dropped  into  that  liquid,  occasions  a  burst  of  vapour  from 
the  heat  evolved.  The  density  of  its  vapour  was  found  to  be  3000  by 
Mitscherlich,  but  it  is  probably  2762,  and  formed  of  3  volumes  of 
oxygen  and  1  volume  of  sulphur  vapour  condensed  into  2  volumes, 
which  constitute  its  combining  measure.  This  vapour  is  resolved 
by  a  strong  red  heat  into  sulphurous  acid  and  oxygen. 

When  the  Nordhausen  acid  is  retained  below  32°,  well-formed 
crystals  appear  in  it,  which  Mitscherlich  fuids  to  be  a  compound  of 
two  equivalents  of  acid  and  one  of  water,  or  2S03  +  HO.'^  This 
compound  is  resolved  by  heat  into  the  anhydrous  acid,  which  sublimes, 
and  the  first  hydrate,  or  oil  of  vitriol. 

The  most  concentrated  oil  of  vitriol  of  the  leaden  chambers 
(HO  +  SO3)  is  a  dense,  colourless  fluid  of  an  oily  consistence,  which 
boils  at  620°,  and  freezes  at  —29°,  yielding  often  regular  six-sided 
prisms  of  a  tabular  form.  It  has  a  specific  gravity  at  60°  of 
1.845.  It  is  a  most  powerful  acid,  supplanting  all  others  from 
their  combinations,  with  a  few  exceptions,  and  when  undiluted  is 
highly  corrosive.  It  chars  and  destroys  most  organic  substances.  It 
has  a  strong  sour  taste,  and  reddens  litmus  even  though  greatly 
diluted.  Sulphur  is  soluble  to  a  small  extent  in  the  concentrated 
acid,  and  communicates  a  blue,  green,  or  brown  tint  to  it ;  so  are 
selenium  and  tellurium.  Charcoal  also  appears  to  be  slightly  soluble 
in  this  acid,  imparting  to  it  a  pink  tint,  which  afterwards  becomes 
reddish  brown.  The  concentrated  acid  has  a  great  affinity  for  water, 
which  it  absorbs  from  the  atmosphere,  and  is  usefully  employed  to  dry 
substances  placed  near  it  in  vacuo.  Ck)nsiderable  heat  is  evolved  in 
its  combination  with  water  :  when  4  parts  by  weight  of  the  concen- 
trated acid  are  suddenly  mixed  with  1  part  of  water,  the  temperature 
rises  to  300°.  When  diluted  with  about  thirty  times  its  weight  of 
water,  sulphate  of  water,  HO.  SO3,  evolves  heat,  which  may  be  repre- 
sented by   23    degrees;   while    H0.S03-fH0,   similarly   diluted, 

*  Eleraens  de  Chimie,  par  E.  Mitscherlich,  t.  ii.  p.  5?. 
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evolves  14  degrees,  or  9  degrees  less,  and  HO.  SO3  +  5H0,  5  degrees 
only,  or  18  degrees  less.  Hence  the  first  equivalent  of  water  which 
combines  with  oil  of  vitriol  appears  to  evolve  as  much  heat  as  the 
following  four  equivalents  (Mem.  Chem.  Soc,  i.  107).  In  a  series 
of  valuable  experiments  by  M.  Abria,  but  which  do  not  admit  of  being 
compared  with  the  preceding,  he  obtained  the  following  results 
(Annales  de  Ch.,  3  ser.,  xii.  171)  :— 

Quantities  of  heat  disengaged  by  the  combination  of  sulphate  of 
water, — 

With 


1  eq.  water 

64.25  degrees 

2       „              .         . 

94.69      „ 

3       „             .         . 

.       113.06      „ 

4       „             .         . 

.       124.43      „ 

5       .             .         . 

.       131.66      „ 

Excess     . 

.       165.63      „ 

The  anhydrous  acid  SO3  disengaged  237.13  degrees  in  combining 
with  an  excess  of  water.  The  value  of  these  last  degrees,  or  the  unit 
of  heat,  is  the  quantity  of  heat  required  to  heat  up  1  gramme 
(15.434  grs.)  of  water  1°  Centigrade.  Abria  concludes  that  in  the 
combination  of  anhydrous  sulphuric  acid  with  water,  the  quantities  of 
heat  successively  disengaged  by  the  different  equivalents  of  water  have 
a  multiple  relation,  and  correspond  very  closely,  for  the  first  equiva- 
lents, with  the  numbers — 

1  T  1  1  1  , 

^f       Tf       "WJ       T2"j        TT^        TT- 

The  density  of  sulphuric  acid  becomes  always  less  by  dilution,  but 
not  exactly  in  the  ratio  of  the  water  added.  (Table  of  Densities  of  Sul- 
phuric Acid,  in  Appendix). 

Acid  of  density  1.78  is  the  second  definite  hydrate,  containing  two 
eq.  of  water  to  one  of  acid.  This  hydrate  forms  large  and  regular 
crystals,  even  a  httle  above  the  freezing  point  of  water,  and  was  ob- 
served by  Mr.  Keir  to  remain  solid  tiU  the  temperature  rose  to  45°. 
If  the  dilute  acid  is  evaporated  at  a  heat  not  exceeding  400°,  its  water 
is  reduced  to  the  proportion  of  this  hydrate.  This  second  eq.  of 
water  is  expelled  by  a  higher  temperature,  but  the  first  eq.  can  only 
be  separated  from  the  acid  by  a  stronger  base.  Sulphuric  acid  forms 
still  a  third  hydrate,  of  sp.  gr.  1.632,  containing  three  eq.  of  water, 
the  proportion  to  which  the  water  of  a  more  dilute  acid  is  reduced, 
by  evaporation  in  vacuo  at  212°.  It  is  also  in  the  proportions  of 
this  hydrate  that  the  acid  and  water  undergo  the  greatest  condensation, 
or  reduction  of  volume,  in  combining.     The  following,  then,  are  the 
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formulae  of  the  definite  hydrates  of  this  acid,  including  that  derived 
by  Mitscherlich  from  the  Nordhausen  acid  :— 

HYDRATES  OF  SULPHURIC  ACID. 

Hydrate  in  the  Nordhausen  acid     .         .  HO.2SO3 

Oil  of  vitriol,  (sp.  gr.  1.845)  .         .  HO.SO3 

Acid  of  sp.  gr.  1.78      ....  HO.SO3  +  HO 

Acid  of  sp.  gr.  1.632  .         .         .  HO.SO3  +  2HO 

The  composition  of  a  hydrate  of  sulphuric  acid  is  ascertained  by 
adding  a  known  weight  of  oxide  of  lead  to  the  liquid,  in  a  capsule, 
and  evaporating  to  dryness.  As  the  sulphuric  acid  abandons  all  its 
water  on  combining  with  oxide  of  lead,  and  the  sulphate  of  lead  may 
be  heated  without  decomposition,  the  increase  of  w^eight  which  the 
oxide  on  the  capsule  undergoes  is  precisely  the  quantity  of  dry  sul- 
phuric acid  in  the  hydrate  examined. 

Sulphuric  acid  acts  in  two  different  modes  upon  metals,  dissolving 
some,  such  as  copper  and  mercury,  with  the  evolution  of  sulphurous 
acid,  and  others,  such  as  zinc  and  iron,  with  the  evolution  of  hydro- 
gen gas.  The  metal  is  oxidated  at  the  expense  of  the  acid  itself  in 
the  one  case,  and  of  the  water  in  combination  with  the  acid  in  the 
other.  The  acid  acts  with  most  advantage  in  the  first  mode  when 
concentrated,  and  in  the  second  when  considerably  diluted. 

The  presence  of  sulphuric  acid  in  a  liquid  may  always  be  discovered 
by  means  of  chloride  of  barium,  which  produces  with  this  acid  a  white 
precipitate  of  sulphate  of  baryta,  insoluble  in  both  acids  and  alkalies. 

Sulphates. — Of  no  class  of  salts  do  chemists  possess  a  more  mi- 
nute knowledge  than  of  the  sulphates.  The  sulphates  of  zinc,  mag- 
nesia, and  other  members  of  the  magnesian  family,  correspond  closely 
with  the  hydrate  of  sulphuric  acid.  Thus  of  the  seven  eq.  of  water 
which  the  crystallized  sulphate  of  magnesia  possesses,  it  retains  one  at 
400°,  and  is  then  analogous  to  the  sulphate  of  water  of  sp.  gr.  1.78 ; 
the  formula  of  these  two  salts  being, 

MgO.S03  +  HO, 
HO.SO3  +  HO, 

and  the  eq.  of  water  in  both  salts  may  be  replaced  by  sulphate  of 
potash,  when  the  sul})hate  of  water  forms  the  salt  called  the  bisulphate 
of  potash,  and  the  sulphate  of  magnesia  forms  the  double  sulphate  of 
magnesia  and  potash,  of  which  the  formulae  also  correspond  : — 

HO.SO3  +  KO.  SO3 
MgO.S03  +  KO.  SO3. 
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In  all  these  sulphates  there  is  one  eq.  of  acid  to  one  of  base ;  but 
with  potash,  sulphuric  acid  is  supposed  to  form  a  second  salt,  in 
which  two  of  acid  are  (;ombined  with  one  of  base  KO  +  2SO3,  and 
which  is  said  to  have  lately  been  obtained  in  a  crystallized  state  by 
M.  Jacquelin."^  This  would  be  a  true  bisulphate,  and  would  corre- 
spond to  the  red  chromate  or  bichromate  of  potash  KO  -i^2^Cr03 ;  but 
my  own  observations  have  obliged  me  to  call  in  question  the  existence 
of  this  anhydrous  bisulphate  (Mem.  Chem.  Soc,  i.  120). 

Uses. — Sulphuric  acid  is  employed  to  a  large  extent  in  eliminating 
nitric  acid  from  nitrate  of  potash,  and  in  the  preparation  of  hydro- 
chloric acid  and  chlorine  from  chloride  of  sodium,  and  also  in  the 
processes  of  bleaching.  But  the  great  consumption  of  this  acid  is  in 
the  formation  of  sulphates,  particularly  of  sulphate  of  soda,  nearly  all 
the  carbonate  of  soda  of  commerce  being  at  present  procured  by  the 
decomposition  of  that  salt. 
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Eq.  67.5  or  843.75  ;  SOgCl;  density  4652    | 


Sulphurous  acid  gas  combines  with  an  equal  volume  of  chlorine 
under  the  influence  of  light,  and  condenses  into  oily  drops,  which 
are  denser  than  water  (Eegnault,  Annales  de  Chim.  Ixix.  170,  and  Ixxi. 
445).  Chlorosulphuric  acid  in  dissolving  decomposes  1  eq.  of  water, 
and  is  converted  into  hydrochloric  acid  and  sulphuric  acid, — a  reac- 
tion which  demonstrates  the  original  compound  to  consist  of  1  eq.  of 
sulphurous  acid  with  1  eq.  of  chlorine. 

The  density  of  the  vapour  of  chlorosulphuric  acid  was  found  by 
experiment  to  be  4703,  which  agrees  with  the  theoretical  density, 
4652.  It  consists  of  2  volumes  of  sulphurous  acid  and  2  volumes 
of  chlorine  condensed  into  2  volumes,  which  form  the  combining 
measure  of  the  vapour.  In  its  condensation,  it  resembles  the  vapour 
of  anhydrous  sulphuric  acid.  This  body  also  corresponds  exactly  in 
composition  with  the  compound  hitherto  called  chlorochromic  acid ; 
Cr02Cl,  chromium  being  substituted  in  the  latter  for  the  sulphur  of 
the  former. 

With  dry  ammoniacal  gas,  chlorosulphuric  acid  forms  a  white 
powder,  which  is  a  mixture  of  the  hydrochlorate  of  ammonia  (sal 

*  Annales  de  Chim.  et  de  Phys.,  Ixx.  311. 
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ammoniac)  and  siilphamidey  SO24-NII2.     It  does  not  combine^  as 
an  acid,  with  bases. 

Clilorosulphuric  acid  may  also  be  represented  as  a  compound  of 
sulphuric  acid  with  a  terchloride  of  sulphur,  3SO3  +  SCI3.  Another 
compound  of  the  same  series  has  been  formed  ])y  li.  Hose,  which  is 
represented  by  5SO3  +  SCI3. 
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Eq.  62  or  775;  SN04^r  SO2.NO2;  not  isolahle. 

Sir  H.  Davy  made  the  observation  that  binoxide  of  nitrogen  is 
absorbed  by  a  mixture  of  sulphite  of  soda  and  caustic  soda,  and  that 
a  compound  is  produced,  of  which  the  principal  characteristic  is  to 
disengnge  abundance  of  protoxide  of  nitrogen,  upon  the  addition  of 
an  acid  to  it.  He  concluded  that  the  nitrous  oxide,  which  then 
escapes,  was  previously  united  with  soda,  and  gave  this  as  an  instance 
of  the  combination  of  that  neutral  oxide  with  an  alkali.  As  the 
sulpliite  of  soda  became  at  the  same  time  sulphate,  the  conversion  of 
the  nitric  oxide  into  nitrous  oxide  appeared  to  be  explained.  It  was 
afterwards  shown  by  Pelouze  that  a  new  acid  is  formed  in  the 
circumstances  of  the  experiment,  to  which  he  has  given  the  name 
nitrosulphuric,  and  which  may  be  considered  as  a  compound  of  sul- 
phurous acid  and  nitric  oxide,  or  another  member  of  the  sulphurous 
acid  series.* 

Prejmration. — If  a  mixture  be  made  over  mercury  of  2  volumes 
of  sulphurous  acid,  and  4  volumes  of  binoxide  of  nitrogen,  which  are 
combining  measures  of  these  gases,  no  change  occurs;  but  on 
throwing  up  a  strong  solution  of  caustic  potash  into  the  gases,  they 
disappear  entirely  after  some  hours,  combining  with  a  single  equiva- 
lent of  potash,  and  forming  together  the  nitrosulphate  of  potash. 
But  it  is  better  to  prepare  the  nitrosulphate  of  ammonia.  A  concen- 
trated solution  is  made  of  sulphite  of  ammonia,  which  is  mixed  with 
five  or  six  times  its  volume  of  solution  of  ammonia,  and  into  this 
binoxide  of  nitrogen  is  passed  for  several  hours  at  a  low  temperature. 
A  number  of  beautiful  crystals  are  gradually  deposited ;  they  are  to 
be  washed  with  a  solution  of  ammonia,  previously  cooled,  which, 

*  Pelouze,  in  Taylor's  Scientific  Memoirs,  vol.  i.  p.  470  ;  or  Annalcs  de  Cbim.  et  do 
Phys.  Ix.  151. 
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besides  the  advantage  of  retarding  their  decomposition,  offers  that  of 
dissolving  less  of  them  than  pure  water.  When  the  crystals  are 
desiccated,  they  should  be  introduced  into  a  well-closed  bottle ;  in 
this  state  they  undergo  no  alteration.  The  same  process  is  applicable 
to  the  corresponding  salts  of  potash  and  soda.  When  a  strong  acid 
is  added  to  a  solution  of  these  salts,  for  the  purpose  of  liberating  the 
nitrosulphuric  acid,  the  latter,  on  being  set  free,  decomposes  spon- 
taneously into  sulphuric  acid  and  protoxide  of  nitrogen,  which  comes 
off  with  effervescence. 

Properties. — The  acid  of  the  nitro sulphates  is  not  precipitated  by 
baryta.  The  nitrosulphate  of  potash,  when  heated,  becomes  sul- 
phite, and  evolves  nitric  oxide ;  but  the  salts  of  soda  and  ammonia 
become  sulphates,  and  evolve  nitrous  oxide.  No  nitrosulphates  of 
the  metaUic  oxides,  which  are  insoluble  in  water,  have  been  formed, 
or  appear  capable  of  existing ;  for  when  such  salts  as  chloride  of 
mercury,  sulphate  of  zinc  or  of  copper,  sulphate  of  sesquioxide 
of  iron  and  nitrate  of  silver,  are  added  to  the  nitrosulphate  of 
ammonia,  they  produce  a  brisk  effervescence  of  nitrous  oxide,  with 
the  formation  of  sulphate  of  ammonia,  or  they  decompose  the  nitro- 
sulphate of  ammonia  as  free  acids  do.  Indeed,  the  only  nitrosul- 
phates which  have  been  formed  are  those  of  potash,  soda,  and 
ammonia.  These  are  neutral,  and  have  a  sharp  and  slightly  bitter 
taste,  with  nothing  of  that  of  the  sulphites. 

These  salts  rival  the  binoxide  of  hydrogen  in  facility  of  decompo- 
sition. The  nitrosulphate  of  ammonia  resists  230°,  but  is  decom- 
posed with  explosion  a  few  degrees  above  that  temperature,  caused 
by  the  rapid  disengagement  of  nitrous  oxide.  Solutions  of  the  nitro- 
sulphates are  not  stable  above  the  freezing  point,  but  their  stabiUty  is 
much  increased  by  an  excess  of  alkali.  They  are  resolved  into  sul- 
phate and  nitrous  oxide,  by  the  mere  contact  of  certain  substances 
which  do  not  themselves  undergo  any  change ;  such  as  spongy  plati- 
num, silver  and  its  oxide,  charcoal  powder  and  binoxide  of  manga- 
nese, by  acids,  even  carbonic  acids,  and  by  metallic  salts. 

Azoto-sulphuric  acid  of  De  la  Vrovostaye^  S2NO9. — Liquid  sul- 
phurous acid  and  peroxide  of  nitrogen,  sealed  up  together  in  a  glass 
tube,  react  upon  each  other,  and  give  rise  to  a  solid  compound  crystal- 
lizing in  rectangular  square  prisms,  which  has  been  examined  by 
M.  de  la  Provostaye.  A  small  portion  of  a  blue  liquid,  possessing  an 
explosive  property,  which  has  not  been  fully  examined,  is  formed  at 
the  same  time.     This  substance  forms  the  ^^  crystals  of  the  leaden 
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chamber/'     It  may  also  be  produced,  according  to  Gay-Lussac,  by 
bringing  peroxide  of  nitrogen  and  oil  of  vitriol  in  contact : — 

2NO4  and  2  (HO.SO3)  =  HO.NOg  +  HO  and  SNOg. 

This  substance  fuses  at  about  430°,  and  forms  a  silky  mass  on 
cooling  j  it  may  be  distilled  without  decomposition  at  about  620'^. 
It  is  decomposed  by  water,  sulphuric  acid  being  formed,  and  nitrous 
vapours  disengaged.  It  has  been  represented  as  composed  of 
2SO2  +  NO5;  or  as  2SO3  +  NO3;  or  S2O5  +  NO4,  but  nothing  certain 
is  known  of  its  molecular  arrangement. 

Dry  binoxide  of  nitrogen  is  absorbed  by  anliydrous  sulphuric  acid, 
according  to  an  observation  of  H.  Eose. 
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Eq.  72  or  900  ;  S2O5  ;  not  isolahle. 

Freparation. — This  acid  of  sulphur  was  discovered  by  Gay-Lussac 
and  Welter,  in  1819.  To  prepare  it,  a  quantity  of  binoxide  of  man- 
ganese, which  must  not  be  hydrated,  is  reduced  to  an  extremely  fine 
powder,  suspended  by  agitation  in  water,  and  sulphurous  acid  gas  is 
transmitted  tlirough  the  water.  When  ordinary  binoxide  of  manga- 
nese is  used,  it  should  be  previously  treated  with  nitric  acid,  to  dis- 
solve out  tlie  hydrated  oxide,  and  washed.  The  temperature  is  apt 
to  rise  during  the  absorption  of  the  gas,  but  must  be  repressed, 
otherwise  much  sulphuric  acid  is  produced, — the  formation  of  which, 
indeed,  it  is  impossible  to  prevent  entirely,  but  of  which  the  quantity 
is  said  to  be  reduced  almost  to  nothing,  when  the  hquid  is  kept  cold 
dui'ing  the  operation.  The  binoxide  of  manganese  disappears, 
and  a  solution  of  hyposulphate  of  the  protoxide  of  manganese  is 
formed;  2  equivalents  of  sulphurous  acid,  and  1  of  binoxide  of 
manganese,  forming  one  of  hyposulphuric  acid  and  one  of  protoxide 
of  manganese,  or 

2SO2  and  Mn02=MnO  +  S205. 

The  solution  is  filtered,  and  then  mixed  with  a  solution  of  sulphide 
of  barium,  which  occasions  the  precipitation  of  the  insoluble  sulphide 
of  manganese,  with  the  transference  of  the  hyposulphuric  acid  to 
baryta.     From  this  hyposulphate  of  baryta,  the  hy])osulphates  of 
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other  metallic  oxides  may  be  prepared  by  adding  tlieir  sulphates  to 
that  salt,  when  the  insoluble  sulphate  of  baryta  will  precipitate,  and 
the  hyposulphate  of  the  metallic  oxide  added  remain  in  solution. 
But  to  procure  the  hyposulphuric  acid  itself,  the  solution  of  hypo- 
sulphate  of  baryta  may  be  evaporated  to  dryness,  and,  being  perfectly 
pure,  it  is  reduced  to  a  fine  powder,  weighed,  and  dissolved  in  water  : 
for  100  parts  of  it  18.78  parts  of  oil  of  vitriol  are  taken,  which,  after 
dilution  with  three  or  four  times  as  much  water,  are  employed  to  decom- 
pose this  salt  of  baryta.  The  liberated  hyposulphuric  acid  solu- 
tion is  filtered,  and  evaporated  in  vacuo  over  sulphuric  acid,  till 
it  attains  a  density  of  1.347,  which  must  not  be  exceeded,  as  the 
acid  solution  begins  then  to  decompose  spontaneously  into  sulphu- 
rous acid,  which  escapes,  and  sulphuric  acid,  which  remains  in  the 
liquid. 

Properties, — This  acid  has  not  been  obtained  in  the  anhydrous 
condition.  Its  aqueous  solution  has  no  great  stabiHty,  being  decom- 
posed at  its  temperature  of  ebullition.  The  same  solution  exposed 
to  air  in  the  cold,  slowly  absorbs  oxygen,  according  to  Heeren,  and 
becomes  sulphuric  acid.  But  neither  nitric  acid,  nor  chlorine,  nor 
binoxide  of  manganese,  oxidize  this  acid  unless  they  are  boiled  in 
its  solution ;  Its  salts  are  perfectly  stable,  either  when  in  solution 
or  when  dry,  and  are  generally  very  soluble,  having  some  analogy  to 
the  nitrates.  A  hyposulphite,  when  heated  to  redness,  leaves  a 
neutral  sulphate,  and  allows  a  quantity  of  sulphurous  acid  to  escape, 
which  would  be  sufficient  to  form  a  neutral  sulphite  with  the  base 
of  the  sulphate.  This  class  of  salts  was  particularly  examined  by 
Heeren."^  Hyposulphuric  acid  is  imagined  to  exist  in  acid  com- 
pounds produced  by  the  action  of  sulphuric  acid  on  several  organic 
substances. 

The  hyposulphate  of  baryta  may  be  analysed  by  exposing  a 
portion  of  it  to  a  red  heat,  when  it  gives  off  sulphurous  acid,  and 
leaves  pure  sulphate  of  baryta  behind.  If  an  equal  portion  be 
treated  with  boiling  concentrated  nitric  acid,  the  sulphurous  acid  is 
converted  into  sulphuric  acid ;  and  if  chloride  of  barium  is  after- 
wards added,  a  quantity  of  sulphate  of  baryta  is  obtained  which  is 
exactly  double  in  weight  that  obtained  from  the  first  portion. 

*  Poggendorff's  Annalen,  v.  vii,  p.  77. 
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HYPOSULPHUROUS  ACID. 

Eq,  48  or  600;  S2O2,  or  SOg  +  S;  not  isolahle. 

The  hyposulphites  are  better  known  than  hyposulphurous  acid 
itself,  which  is  a  body  of  little  stability,  quickly  undergoing  decom- 
position when  liberated  by  a  stronger  acid  from  a  solution  of  any 
of  its  salts,  and  resolving  itself  into  sulphurous  acid,  hydrosul- 
pliuric  acid,  and  sulphur.  These  salts,  long  considered  as  a  species  of 
double  salts,  and  called  sulphuretted  sulphites,  were  first  supposed 
to  contain  a  peculiar  acid  by  Dr.  T.  Thomson  and  by  Gay-Lussac, — 
a  conjecture  afterwards  verified  by  Sir  John  Herschel,  whose  early 
researches  upon  this  acid  form  the  subject  of  an  interesting  memoir."^ 

Preparation, — Sulphite  of  soda  is  prepared,  in  the  first  instance, 
by  saturating  a  solution  of  carbonate  of  soda  with  sulphurous  acid 
gas,  by  the  apparatus  described  at  page  400.  This  sulphite,  care 
being  taken  that  it  is  not  acid,  is  converted  into  hyposulphite,  by 
digesting  it  upon  flowers  of  sulphur  at  a  high  temperature,  but 
without  ebulHtion.  The  sulphurous  acid  assumes  1  eq.  of  sulphur, 
and  remains  in  combination  with  the  soda ;  or,  in  symbols — 

NaO  +  SOa  and  S=NaO  +  S02.S. 

The  solution  may  afterwards  be  evaporated  (ebullition  being  always 
avoided,  as  the  hyposulphites  are  partially  decomposed  at  212°),  and 
afi'ords  large  crystals  of  the  hyposulphite  of  soda.  When  solution 
of  caustic  soda  is  digested  upon  sulphur,  the  latter  is  hkewise  dis- 
solved, and  a  mixture  of  1  eq.  of  hyposulphite  of  soda  with  2  eq.  of 
sulphide  of  sodium  results,  of  which  the  last  always  dissolves  an 
excess  of  sulphur  :  — 

SNaO  and4S=NaO  +  S202  and  2NaS. 

Exposed  to  the  air,  this  solution  slowly  absorbs  oxygen,  and  if  it 
contains  a  certain  excess  of  sulphur,  passes  entirely  into  hyposulphite 
of  soda. 

The  hyposulphite  of  lime  is  also  formed  by  digesting  together  1 
part  of  sulphur  and  3  of  hydrate  of  lime  at  a  high  temperature, 
when  changes  of  the  same  nature  occur  as  with  sulphur  and  caustic 
soda,  and  the  solution  becomes  red,  containing  bisulpliide  of  cal- 

*  Edinburgh  Philosophical  Journal,  vol.  i.  pp.  8  and  396. 
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cium  :  a  stream  of  sulphm-ous  acid  gas  is  conducted  tlirougli  the 
solution  after  it  has  cooled,  and  converts  the  whole  salt  into  hypo- 
sulphite, occasioning  at  the  same  time  a  considerable  deposition  of 
sulphur.  The  reaction  here  may  be  expressed  by  the  following 
formula  : — 

2CaS2  and  3S02=2CaO  +  2S202  and  3S. 

If  the  waste-lime,  in  the  porous  state  in  which  it  is  removed  from 
the  dry-lime  purifiers  of  a  gas-work,  be  exposed  to  air,  it  rapidly 
absorbs  oxygen ;  and,  when  treated  with  water,  afterwards  gives 
much  soluble  hyposulphite  of  lime.  This  is  an  economical  method 
of  preparing  the  salt  on  a  large  scale  (Mem.  Chem.  Soc.  ii.  358). 

Zinc  and  iron  also  dissolve  in  the  solution  of  sulphurous  acid  in 
water,  with  little  or  no  effervescence,  deriving  the  oxygen  necessary 
to  convert  them  into  oxides,  not  from  water,  but  from  the  sulphurous 
acid,  two-thirds  of  which  are  thereby  converted  into  hyposulphurous 
acid,  which  combines  with  half  of  the  oxide  produced ;  while  the 
other  third,  remaining  as  sulphurous  acid,  unites  with  the  other  moiety 
of  the  same  oxide : — 

3SO2  and  2Zn=ZnO.S202  and  ZnO.SOg. 

The  hyposulphite  obtained  by  this  process  is,  therefore,  mixed  with  a 
sulphite. 

Properties. — The  acid  of  these  salts  undergoes  decomposition 
when  they  are  strongly  heated,  or  treated  with  an  acid.  It  forms 
soluble  salts  with  lime  and  strontia,  in  wdiich  respect  it  differs  from 
sulphurous  and  sulphuric  acids;  the  hyposulphite  of  baryta  is 
insoluble.  It  also  forms  a  remarkable  salt  with  silver,  which  has  no 
metallic  flavour,  but  tastes  extremely  sweet.  The  existence  of  a 
hyposulphite  in  a  solution  is  easily  recognised,  by  its  possessing  the 
power  to  dissolve  freshly  precipitated  chloride  of  silver,  and  become 
sweet.  Hyposulphite  of  soda  in  solution  is  apt  to  become  acid  by 
the  absorption  of  oxygen,  and  then  its  conversion  into  sulphate  of 
soda,  with  deposition  of  sulphur,  proceeds  rapidly. 

Uses. — The  hyposulphite  of  soda  is  employed  to  distinguish 
between  the  earths  strontia  and  baryta, — the  latter  of  wliich  it  precipi- 
tates, and  not  the  former.  It  is  also  applied,  in  certain  circum- 
stances, to  dissolve  the  insoluble  salts  of  silver  in  photography,  electro- 
plating, and  the  treatment  of  silver  ores. 
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POLYTHIONIC  SERIES. 

Three  new  acids  of  sulphur  have  lately  been  discovered^  all  con- 
taining, like  liyposulphuric  acid,  5  eq.  of  oxygen,  but  evidently  more 
related  in  constitution  and  properties  to  hyposulphurous  acid.  They 
were  named  by  Berzelius,  from  Qetoy  (sulphur);  and  are  composed  as 
follows : — 

Trithionic,  or  mono-sul-hyposulphuric  acid    S3O5,  or  SgOg  +  S. 
Tetrathionic,  or  bisul-hyposulphuric  acid      S4O5,  or  S2O5  +  2S. 
Pentathionic,  or  trisul-hyposulphuric  acid     S5O5,  or  S2O5  +  3S. 

Hyposulphurous  acid  becomes  the  dithionous,  and  hyposul- 
phiiric  acid  the  dithionic  acid,  as  members  of  the  same  series ;  all 
of  which,  it  will  be  observed,  contain  more  than  1  equivalent  of 
sulphur,  and  are  therefore  polythionic :  but  the  old  names  of  the 
two  acids  last  referred  to  are  too  firmly  established  to  be  changed, 
without  a  greater  necessity  for  the  alteration  than  appears  to  exist. 

Trltliiouic  or  Monosid-hyposulphuric  acid)  eq.  88  or  1100, 
S3O5  or  S2O5  +  S. — This  acid  was  first  obtained  by  M.  Langlois 
(Annales  de  Chim.  3  ser.  iv.  77).  It  is  the  result  of  the  action  of 
sulphur  upon  the  soluble  bisulphites,  and  may  be  prepared  from  the 
bisulpliite  of  baryta.  This  salt  is  digested  with  flowers  of  sulphur 
at  a  temperature  not  exceeding  122°  (50°  C.)  for  several  days;  the 
solution  first  becomes  yellow,  afterwards  loses  all  colour,  and  when 
allowed  to  cool  in  this  state,  deposits  a  salt  in  long  white  silky 
crystals,  which  is  the  trithionate  of  baryta.  By  the  cautious  addi- 
tion of  sulphuric  acid  to  a  solution  of  the  new  salt,  the  tritliionic 
acid  may  be  liberated  and  obtained  in  solution,  while  the  insoluble 
sulphate  of  baryta  precipitates.  The  acid  solution  may  be  concen- 
trated in  the  vacuous  receiver  of  an  air-pump,  but  is  rapidly  decom- 
posed by  heat  into  sulphurous  acid  and  sulphur.  The  salt  of  potash 
is  easily  obtained,  either,  according  to  Pless/s  method,  by  passing 
sulphurous  acid  into  a  solution  of  hyposulphite  of  potash ;  or,  accord- 
ing to  Langlois,  into  one  of  sulphide  of  potassium :  in  the  latter  case 
hyposulphite  of  potash  is  first  formed,  and  from  that  the  trithionate. 
(Kessner,  Chem.  Gaz.  vi.  p.  369.)  The  salts  of  this  acid  appear 
to  have  greater  stability  than  the  hyposulphites,  and  are  formed 
when  certain  hyposulphites,  such  as  those  of  zinc,  cadinium,  and 
lead,  are  left  to  spontaneous  decomposition ;  or  even,  according  to 
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Fordos  and  Gelis,  by  the  sole  effect  of  tlie  concentration  of  solutions 
of  these  salts.  Tliis  acid  is  precipitated  black  by  the  salts  of  the 
suboxide  of  mercury^  a  property  which  distinguishes  the  trithionic 
acid  from  the  two  more  liighly  sulphured  acids  of  the  same  series, 
which  are  precipitated  yellow  by  the  reagent  in  question. 

Tetrathionic  oy  Bisul-hyposulj^hnric  acid-,  eq.  104  or  1300; 
S4O5  or  S2O5  +  Sg. — This  acid  was  discovered  by  MM.  Tordos  and 
Gelis,  and  is  obtained  by  dissolving  iodine  in  a  solution  of  the  hypo- 
sulphites, particularly  of  the  hyposulphite  of  baryta.  The  re-action 
in  the  last  case  is  as  follows  : — 

2  (BaO.SA)  and  I  =  Bal  and  BaO.S405. 

The  new  salt,  being  less  soluble  than  the  iodide  of  barium,  is  sepa- 
rated by  crystallization,  and  afPords  the  acid  when  decomposed  by  a 
suitable  proportion  of  sulphuric  acid.  The  solution  of  tetrathionic 
acid  has  considerable  stability,  and  may  be  highly  concentrated.  The 
process  just  described  is  modified  by  Kessner,  who  prepares  first  the 
hyposulphite  of  lead  by  dissolving  2  parts  of  hyposulphite  of  soda 
in  hot  water,  and  pouring  this  solution  into  an  equally  hot  dilute 
solution  of  3  parts  of  acetate  of  lead.  The  precipitate  is  washed 
with  a  large  quantity  of  warm  water,  and  mixed  (still  moist)  with 
1  part  of  iodine,  and  the  mass  frequently  stirred ;  in  the  course  of  a 
few  days  the  whole  is  converted  into  iodide  of  lead  and  a  solution  of 
tetrathionate  of  lead.  The  lead  is  now  removed  by  sulphuric  acid 
(the  use  of  hydrosulphuric  acid  being  inadmissible),  any  excess  of 
the  latter  by  carbonate  of  baryta,  and  the  solution  of  the  tetrathionic 
acid  evaporated.  When  this  acid  is  saturated  with  carbonate  of 
soda,  or  its  salt  of  lead  decomposed  by  sulphate  of  soda,  only  pro- 
ducts of  decomposition  are  obtained, — sulphur,  sulphate,  and  hypo- 
sulphite of  soda.  (Chem.  Gaz.  vi.,  p.  370.)  The  salts  of  this 
acid,  therefore,  require  to  be  prepared  directly,  and  appear  generally 
to  be  less  stable  than  the  hydrated  acid. 

Ventathionic  or  Trisul-hyposulphuric  acid ;  =120  or  1500; 
S5O5  or  S2O5  4-  S3. — Several  years  ago  Dr.  T.  Thomson  observed 
that  when  hydrosulphuric  and  sulphurous  acids  mutually  decompose 
each  other  in  presence  of  water,  the  magma  of  sulphur  precipitated 
is  impregnated  by  a  peculiar  acid.  M.  Wackenroder  lately  found 
that  this  acid  is  an  additional  number  of  the  present  series.  To  pre- 
pare the  acid,  Wackenroder  supersaturates  water  \vith  sulphurous 
acid,  and  then  causes  hydrosulphuric  acid  to  stream  through  it  till 
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the  liquid  has  ilie  odour  and  reactions  of  the  latter,  evaporating 
afterwards  till  the  excess  of  hydrosulphuric  acid  is  expelled.  The 
liquid  does  not  become  clear  till  after  clean  slips  of  copper  are  left  in 
it  for  some  time,  to  remove  the  suspended  sulphur  :  copper  reduced 
from  the  oxide  by  hydrogen  would  probably  act  more  rapidly.  The 
addition  of  chloride  of  sodium,  or  saturation  with  a  base,  such  as  an 
alkaline  carbonate,  also  facilitates  the  precipitation  of  the  sulphur. 
In  the  opinion  of  Mr.  L.  Thompson,  much  of  this  sulphur,  which  is 
supposed  to  be  suspended,  is  actually  in  solution. 

The  clear  acid  liquid  may  be  concentrated  till  it  attains  a  density 
of  1.37  ;  it  is  inodorous,  sour,  and  a  little  bitter.  It  may  be  pre- 
served at  the  temperature  of  the  air,  without  change;  but  when 
made  to  boil  it  undergoes  decomposition,  giving  off  hydrosulphuric 
acid,  followed  by  sulphurous  acid,  and  leaving  behind  ordinary  sul- 
phuric acid  and  some  sulphur.  This  acid  is  decomposed,  like  the 
last,  by  strong  bases. 

Pentathionic  acid  was  also  found  by  Fordos  and  Gelis  among  the 
products  of  the  decomposition  of  the  chlorides  of  sulphur  by  water. 
The  pentathionate  of  baryta  is  very  soluble,  and  is  easily  altered.  It 
was  analysed  by  means  of  chlorine  and  the  hypochlorites,  which 
transform  the  whole  sulphur  into  sulphuric  acid : 

S5O5  and  10  CI  and  10  HO  =  5  SO3  and  10  HCl. 

The  peutatliionic  acid  is  distinguished  from  hyposulphurous  acid, 
wdth  which  it  is  isomeric,  by  the  less  solubility  of  the  pentathionates, 
and  by  the  circumstance  that  the  pentathionates  have  no  action  upon 
iodine  (Annales  de  Ch.  3  ser.  xxii.  66).  The  sulphur  was  supposed 
by  Berzelius  to  exist  in  the  various  polythionic  acids,  in  its  different 
allatropic  conditions. 


SULPHUR  AND  HYDROGEN. 
HYDROSULPHURIC  ACID. 

Syn.    Sulphuretted  hydrogen  gas,  mljhydric  acid ;  Eq.  17  or 
212.5  ;  SH ;  density  1191.2  ;     |    |    | 

Sulphur  does  not  combine  directly  with  hydrogen  even  when  heated 
in  that  gas,  but  with  that  element,  notwithstanding,  sulphur  forms  at 
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least  two  compounds;  one  of  which,  hydrosulphuric  acid,  is  a  reagent 
of  frequent  application  and  considerable  importance. 

Preparation. —  (1.)  Of  those  metals  which  dissolve  in  dilute  sul- 
phuric acid,  with  the  displacement  of  hydrogen,  the  protosulphides 
dissolve  also  in  the  same  acid,  but  the  hydrogen  then  evolved  carries 
off  sulphur  in  combination,  and  appears  as  hydro-sulphuric  acid 
gas.  The  protosulphide  of  iron,  which  is  commoi\ly  employed  in  this 
operation,  is  obtained  by  depriving  yellow  pyrites,  or  bisulphide  of 
iron,  of  a  portion  of  its  sulphur  by  ignition  in  a  covered  crucible ; 
or  formed  directly  by  exposing  to  a  low  red  heat  a  mixture  of  4  parts 
of  coarse  sulphur  and  7  of  iron  filings  or  borings  in  a  covered  stone- 
ware or  cast  iron  crucible.  The  sulphide  of  iron,  thus  obtained,  is 
broken  into  lumps,  and  acted  upon  by  diluted  sulphuric  acid  in  a 
gas-bottle  (fig.  132),  exactly  as  zinc  is  treated  in  the  preparation  of 
Fig.  132.  hydrogen  gas.      Hydrosulphuric   acid 

^p  is  evolved  without  the  application  of 

V  heat,    and   should    be   collected   over 

water  at  80°  or  90°;  or  if  collected  in 
a  gasometer  or  gasholder,  the  latter 
may  be  filled  with  brine,  in  which  this 
gas  is  less  soluble  than  in  pure  water. 
The  gas  obtained  by  this  process  gene- 
rally contains  free  hydrogen,  arising 
from  an  intermixture  of  metalHc  iron 
with  the  sulphide  of  iron  used.  The 
gas  may  also  be  evolved  from  the  action 
of  hydrochloric  acid  upon  the  sulphide  of  iron,  but  as  it  is  then  im- 
pregnated with  the  vapour  of  the  latter  acid,  and  may  also,  like  every 
gas  produced  ys\i\\  effervescence,  carry  over  drops  of  fluid,  it  should 
always  be  transmitted  through  water  in  a  wash-bottle,  before  being 
applied  to  any  purpose  as  pure  gas.  The  reaction  by  which  hydro- 
sulphuric acid  is  usually  evolved  is  expressed  in  the  following  equa- 
tion : — 

FeS  and  H0.S03=HS  and  FeO.SOg. 

(2.)  Hydrosulphuric  acid,  without  any  admixture  of  free  hydro- 
gen, is  obtained  by  digesting  in  a  flask  A,  used  as  a  retort  (fig.  133), 
with  a  gentle  heat,  sulphide  of  antimony  in  fine  powder  with  concen- 
trated hydrochloric  acid,  in  the  proportion  of  1  ounce  of  the  former 
to  4  ounce  measures  of  the  latter.  The  gas  of  this  operation  is 
passed  through  water  in  a  wash-bottle'  B,  and  collected  over  water 
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at  80°,  in  a  bottle  C,  provided  with  a  good  cork.  Or,  after  passing 
through  the  wash-bottle,  it  may  be  carried  over  chloride  of  calcium 
in  a  drying  tube,  and  collected  over  mercury,  but  is  gradually  de- 
composed by  that  metal,  which  has  a  strong  affinity  for  sulphur,  and 
hydrogen  is  liberated,  without  any  change  of  volume.  The  reaction 
between  hydrochloric  acid  and  sulphide  of  antimony  may  be  thus 
expressed  ; 

3H  CI  and  Sb  S3  =  3HS  and  Sb  CI3. 

Proper  ties. — Hydrosulphuric  acid  is  a  colourless  gas,  of  a  strong 
and  very  nauseous  odour.  Its  density  is  1191.2,  by  the  experi- 
ments of  Gay-Lussac  and  Thenard,  and  its  theoretical  spec.  grav.  17 
times  that  of  hydrogen.  It  consists  of  2  volumes  of  hydrogen 
and  1  volume  of  sulphur  vapour,  condensed  into  2  volumes,  which 
form  its  combining  measure.  Hydrosulphuric  acid  is  partially  de- 
composed by  heat  into  hydrogen  and  sulphur ;  but  to  obtain  complete 
decomposition  it  is  necessary  to  pass  the  gas  a  great  many  times 
through  a  porcelain  tube  placed  across  a  furnace,  and  strongly  heated. 
By  a  pressure  of  17  atmospheres  at  50°,  it  is  condensed  into  a  highly 
limpid  colourless  liquid,  of  sp.  gr.  0.9,  which  is  of  pecuhar  interest  as 
the  analogue  of  water  in  the  sulphur  series  of  compounds :  the  solvent 
powers  of  this  liquid  have  not  been  examined.  When  cooled  to  —122, 
it  solidifies,  and  is  then  a  white  crystalKne  translucent  substance, 
heavier  than  the  liquid  (Faraday).  The  air  of  a  chamber  slightly 
impregnated  by  this  gas  may  be  respired  without  injury,  but  a  small 
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quantity  of  the  undiluted  gas  inspired  occasions  syncope,  and  its 
respiration,  in  a  very  moderate  proportion,  was  found  by  Thenard  to 
prove  fatal, — birds  perishing  in  air  containing  1-]  500th,  and  a  dog 
in  air  containing  l-800th  part  of  tliis  gas.  Its  poisonous  effects  are 
best  counteracted  by  a  slight  inhalation  of  chlorine  gas,  as  the 
latter  may  be  obtained  from  a  little  chloride  of  lime  placed  in  the  folds 
of  a  towel  wetted  with  acetic  acid.  Water  dissolves,  at  64°,  21  vo- 
lumes of  this  gas,  and  alcohol  6  volumes.  These  solutions  soon 
become  milky  when  exposed  to  air,  the  oxygen  of  which  combines 
with  the  hydrogen  of  the  gas  and  precipitates  the  sulphur.  Those 
mineral  waters  termed  sulphureous,  such  as  Harrowgate,  contain  this 
gas,  although  rarely  in  a  proportion  exceeding  1^  per  cent,  of  their  vo- 
lume. They  are  easily  recognized  by  their  odour  and  by  blackening  sil- 
ver. It  is  also  found  in  foul  sewers  an  din  putrid  eggs.  Of  deodourizing 
fluids  the  solution  of  nitrate  of  lead,  cliloride  of  zinc,  sulphate  of  iron, 
and  sulphate  of  manganese,  appear  to  be  equally  eihcacious ;  the  first 
alone  decomposing  the  free  gas,  but  that  salt,  and  all  the  others  named, 
decomposing  hydrosulphuric  acid  when  in  combination  with  ammonia, 
the  form  in  which  it  usually  emanates  from  putrefactive  matter. 

Hydrosulphuric  acid  is  highly  combustible,  and  burns  with  a  pale 
blue  flame,  producing  water  and  sulphurous  acid,  and  generally  a  de- 
posit of  sulphur  when  oxygen  is  not  present  in  excess.  A  little 
strong  nitric  acid  thrown  into  a  bottle  of  this  gas,  occasions  the  im- 
mediate oxidation  of  its  hydrogen,  and  often  a  slight  explosion  with 
flame,  when  the  escape  of  the  vapour  is  impeded  by  closhig  the 
mouth  of  the  bottle.  Hydrosulphuric  acid  is  immediately  decom- 
posed by  chlorine,  bromine,  and  iodine,  which  assume  its  hydrogen  : 
hence  the  odour  of  this  gas  in  a  room  is  soon  destroyed  on  diffusing 
a  little  chlorine  tln-ough  it.  Tin,  and  many  other  metals,  heated 
in  this  gaSj  combine  with  its  sulphur  with  flame,  and  liberate  an 
equal  volume  of  hydrogen,  affording  ready  means  of  demonstrat- 
ing the  composition  of  the  gas.  Potassium  decomposes  one  haK 
of  the  gas  in  that  manner,  and  becomes  sulphide  of  potassium, 
which  unites  with  the  other  half  without  decomposition,  forming 
the  hydrosulphate  of  the  sulphide  of  potassium.  The  action  of  other 
alkaline  metals  upon  hydrosulphuric  acid  is  similar. 

This  compound  has  a  weak  acid  reaction,  and  forms  one  of  the 
hydrogen-acids.  It  does  not  combine  and  form  salts  with  basic 
oxides,  but  it  unites  with  basic  sulpirides,  such  as  sulphide  of  potas- 
sium, and  forms  compounds  which  are  strictly  comparable  with 
hydrated  oxides.     When  hydrosulphuric  acid  is  passed  over  lime  at 
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a  red  lieat,  both  compounds  are  decomposed,  and  water  with  sulphide 
of  calcium  is  formed.  The  oxides  of  nearly  all  the  metallic  salts, 
whether  dry  or  in  a  state  of  solution,  are  decomposed  by  hydrosul- 
phuric  acid  in  a  similar  manner ;  but  in  the  salts  of  those  metals  of 
which  the  protosulphide  is  dissolved  by  acids,  such  as  salts  of  iron, 
zinc,  and  manganese,  a  small  quantity  of  a  strong  acid  entirely  pre- 
vents precipitation.  The  sulphides  are  generally  coloured,  and  many 
of  them  are  black ;  hence  the  effect  of  hydrosulphuric  acid  in 
blackening  salts  of  lead  and  silver,  which  renders  these  compounds  so 
sensitive  as  tests  of  the  presence  of  that  substance.  Hydrosulphuric 
acid  also  tarnishes  certain  metals,  such  as  gold,  silver,  and  brass,  so 
that  utensils  of  which  these  metals  are  the  basis  should  not  be  exposed 
to  this  gas. 

Bisulphide  of  hydrogen^  HSg.— When  carbonate  of  potash  is  fused 
with  half  its  weight  of  sulphur,  a  persulphide  of  potassium  is  formed 
containing  a  large  excess  of  sulphur,  which  affords  a  solution  in  water 
of  an  orange  red  colour.  The  protosulphide  of  potassium,  with  hy- 
drochloric acid,  gives  hydrosulphuric  acid  and  chloride  of  potassium ; 
H  CI  and  KS  =  HS  and  K  CI.  But  when  the  red  solution  of  per- 
sulpliide  of  potassium  is  poured  in  a  small  stream  into  hydrocliloric 
acid,  diluted  with  two  or  three  volumes  of  water,  wliile  chloride  of 
potassium  is  formed  as  before,  the  hydrosulphuric  acid  produced 
combines  with  another  equivalent  of  sulphur,  and  forms  a  yellowish 
oily  fluid,  the  bisulphide  of  hydrogen,  which  falls  to  the  bottom  of 
the  acid  liquid.  Supposing  the  persulphide  of  potassium  to  be  a  pure 
bisulphide,  then  H  CI  and  KS2  =  HSj  and  K  CI.  The  result  of  the 
combination  in  this  case  appears  rather  capricious ;  for  if  the  acid 
and  persulphide  of  potassium  be  mixed  in  the  other  way, — if  the  acid 
be  added  drop  by  drop  to  the  alkaline  sulphide, — then  hydrosulphuric 
acid  is  evolved,  the  wliole  excess  of  sulphur  precipitates,  and  no  per- 
sulphide of  hydrogen  is  formed.  The  oily  fluid  produced  by  the  first 
mode  of  mixing  has  considerable  analogy  in  its  properties  to  the  bin- 
oxide  of  hydrogen,  and  appears,  like  that  compound,  to  have  a  certain 
degree  of  stability  imparted  to  it  by  contact  with  acids,  such  as  pretty 
strong  hydrochloric  acid,  while  the  presence  of  alkaline  bodies,  on 
the  contrary,  give  its  elements  a  tendency  to  separate.  This  decom- 
position has  been  taken  advantage  of  to  obtain  liquid  hydrosulphuric 
acid,  by  sealing  up  bisulphide  of  hydrogen  in  a  Taraday  tube 
(page  69). 

Thenard  has  observed  other  points  of  analogy  between  tliese  com- 
pounds.    Like  binoxide   of  hydrogen,  the    bisulphide  produces  a 
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white  spot  upon  the  skin,  and  destroys  vegetable  colours,  so  that  it 
has  actually  been  used  in  bleaching.  The  latter  compound  is  also 
resolved  into  hydrosulphuric  acid  and  sulphur  by  all  the  bodies  which 
effect  the  transformation  of  the  former  into  water  and  oxygen ;  such 
as  charcoal  powder,  platinum,  iridium,  gold,  binoxide  of  manganese, 
and  the  oxides  of  gold  and  silver,  which  last,  when  the  bisulphide  is 
dropt  upon  them,  are  decomposed  in  an  instant,  and  even  with  ignition. 
The  bisulphide  of  hydrogen  undergoes  spontaneously  the  same  decom- 
position, even  in  well-closed  bottles,  which  are  apt,  on  that  account, 
to  be  broken.  It  is  soluble  in  ether,  but  the  solution  soon  deposits 
crystals  of  sulphur.  Thenard  finds  this  body  not  to  be  uniform  in  its 
composition,  the  proportion  of  sulphur  often  exceeding  considerably 
2  eq.  to  1  of  hydrogen  ;  but  the  excess  of  sulphur  is  possibly  only  in 
solution  (Annales  de  Ch.  2  ser.  xlviii.  79). 

SULPHUR  AND  NITROGEN. 

Sulphide  of  nitrogen  ;  eq.  62  or  IVo  \  N  S3. — This  is  a  yellow 
pulverulent  solid  substance  of  small  stability,  and  which  cannot  be 
formed  by  the  direct  union  of  its  elements.  The  liquid  bichloride 
of  sulphur  absorbs  ammoniacal  gas,  producing  first  a  flocculent 
brown  matter  NH3.SCI2,  and  afterwards,  if  the  action  of  ammonia 
is  continued,  a  yellow  substance,  of  which  the  formula  is — 

2  NH3.SCI2. 

Thrown  into  water  this  yellow  matter  undergoes  decomposition, 
producing  hydrochlorate  and  hyposulphite  of  ammonia,  which  dis- 
solve, and  a  yellow  powder,  which  is  a  mixture  of  sulphur  and  the 
sulphide  of  nitrogen.  This  powder  is  quickly  washed  with  a  little 
water,  dried  under  the  receiver  of  an  air-pump,  and  finally  washed 
several  times  with  ether,  which  dissolves  out  the  free  sulphur,  and 
leaves  the  sulphide  of  nitrogen. 

The  sulphide  of  nitrogen  is  a  yellow  powder,  which,  a  little  above 
212°,  is  decomposed  in  a  gradual  manner  into  sulphur  and  nitrogen, 
but  when  sharply  heated,  violently  and  with  explosion.  It  is  also 
slowly  decomposed  by  cold  water,  but  much  more  rapidly  at  the 
temperature  of  ebullition.  The  composition  of  sulphide  of  nitrogen 
is  determined  either  by  boihng  a  known  quantity  in  fuming  nitric 
acid,  which  converts  the  sulphur  into  sulphuric  acid ;  or,  by  heating 
a  mixture  of  this  substance  and  metallic  copper  in  a  glass  tube,  sealed  at 
one  end,  and  arranged  as  a  retort,  so  that  the  gass  evolved  may  be 
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collected.      The  copper  and    sulphur  unite  with  avidity,  and  the 
nitrogen  is  disengaged  as  gas. 


SULPHUR  AND  CARBON. 

Bisulphide  of  carhon  ;  aulphocarhonic  acid-,  eq.  38  or  475; 
C  Sg. — Charcoal  strongly  ignited  in  an  atmosphere  of  sulphur  vapoui*, 
combines  with  that  element,  and  forms  a  compound  which  holds  the 
same  place  in  the  sulphur  series  that  carbonic  acid  occupies  in  the 
oxygen  series  of  compounds.  The  bisulphide  of  carbon  is  a  volatile 
liquid^  and  may  be  prepared  by  distilling,  in  a  porcelain  retort,  yellow 
pyrites  or  bisulphide  of  iron,  with  a  fourth  of  its  weight  of  well- 
dried  charcoal,  both  in  the  state  of  fine  powder  and  intimately 
mixed.  The  vapour  from  the  retort  is  conducted  to  the  bottom  of  a 
bottle  filled  with  cold  water,  to  condense  it.  Or  sulphur  vapour 
may  be  sent  over  fragments  of  well-dried  charcoal  in  a  porcelain  or 
cast  iron  (not  malleable  iron)  tube,  placed  across  a  furnace.  The 
product  is  generally  of  a  yellow  colour,  and  contains  sulphur  in  solu- 
tion, to  free  it  from  which  it  is  redistilled  in  a  glass  retort,  by  a 
gentle  heat. 

Tor  preparing  a  larger  quantity  of  bisulphide  of 
carbon,  M.  Brunner  recommends  an  earthenware 
retort  of  the  form  C  (fig.  134),  two-thirds  filled 
with  dry  charcoal,  having  a  tube,  h,  descending 
through  the  tubulure  a,  by  which  fragments  of 
sulphur  can  be  introduced.  The  retort  is  raised 
to  a  red  heat  in  a  furnace  (fig.  135),  and  the 
vapour  which  comes  over,  canied  through  a  con- 
densing tube,  c  d,  kept  cold  by  a  stream  of  water, 
and  ultimately  conveyed  to  the  lower  part  of  a 

Fig.  135. 


Fig.  134. 
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bottle  surrounded  by  cold  water,  and  also  containing  a  little  water, 
which  floats  upon  the  surface  of  the  condensed  liquid  and  prevents 
its  evaporation.  The  sulphur  is  gradually  introduced  into  the  retort, 
and,  being  immediately  converted  into  vapour,  produces  the  bisul- 
phide of  carbon  in  traversing  the  incandescent  charcoal. 

The  bisulphide  of  carbon  is  a  colourless  liquid,  of  high  refracting 
power,  and  sp.  gr.  1.272.  Its  vapour  has  a  tension  of  7.38  Paris 
inches  (Marx)  at  50°,  and  the  liquid  boils  at  110° ;  a  cold  of  —80° 
can  be  produced  by  its  evaporation  in  vacuo.  This  compound  is  ex- 
tremely combustible,  taking  fire  at  a  temperature  w4iich  scarcely 
exceeds  the  boiling  point  of  mercury.  When  a  few  drops  of  the 
liquid  are  thrown  into  a  bottle  of  oxygen  gas,  or  nitric  oxide,  a  com- 
bustible mixture  is  formed,  which  burns,  when  a  light  is  applied  to  it, 
with  a  briUiant  flash  of  flame,  but  without  a  violent  explosion.  The 
bisulphide  of  carbon  is  insoluble  in  water,  but  it  is  soluble  in  alcohol. 
It  dissolves  sulphur,  phosphorus,  and  iodine.  The  solution  of  phos- 
phorus in  this  liquid  is  used  in  electrotyping ;  objects  dipped  in  the 
solution  and  dried  are  left  covered  by  a  film  of  phosphorus,  which 
enables  them  to  obtain  a  conducting  metallic  coating  when  plunged 
into  a  solution  of  copper. 

The  observed  density  of  the  vapour  of  bisulphide  of  carbon  is 
2644.7  (Gay-Lussac).  It  consists  of  2  vol.  carbon  vapour  (density 
416)  and  2  vol.  sulphur  vapour  (density  2206),  condensed  into 
2  volumes,  which  form  its  combining  measure;  and  is  therefore 
quite  analogous  in  condensation  to  carbonic  acid  gas.  A  complete 
analysis  of  the  bisulphide  of  carbon  is  obtained,  by  passing  it  in 
vapour  over  a  mixture  of  carbonate  of  soda  and  oxide  of  copper  in  a 
combustion  tube  (page  373)  at  a  red  heat :  the  sulphur  is  oxidized, 
and  remains  in  combustion  with  the  soda  as  sulphate  of  soda,  while 
the  carbon  is  burnt  also,  and  disengaged  as  carbonic  acid  gas,  accom- 
panied by  an  equal  quantity  of  carbonic  acid  Hberated  from  the  car- 
bonate of  soda  by  the  sulphuric  acid  formed.  The  carbon  alone  of 
this  substance  may  be  advantageously  determined  as  carbonic  acid, 
by  a  similar  combustion  with  chromate  of  lead. 

Tlie  bisulphide  of  carbon  is  a  sulphur  acid,  and  combines  with 
sulphur  bases,  such  as  the  sulphide  of  potassium,  forming  a  class  of 
salts  which  are  called  sulphocarbonates.  Oxygen  bases  dissolve  it 
slowly,  and  are  converted  into  a  mixture  of  carbonate  and  sulpho- 
carbonate :  thus  2  equivalents  of  potash  with  1  of  bisulphide  of 
carbon  yield  2  equivalents  of  sulphide  of  potassium  and  1  of  car- 
bonic acid,  which  combine  respectively  with  bisulphide  of  carbon  and 
potash. 
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Solid  sulphide  of  carhon. — Tlie  charcoal  left  in  the  tube,  after 
the  process  for  tlie  former  compound,  is  much  corroded,  and  contains 
a  portion  of  sidphur  which  cannot  be  expelled  from  it  by  heat. 
Berzelius  considered  this  sulphur  as  in  chemical  combination  with 
the  ciu'bon. 


SECTION    YIII. 

SELENIUM. 

Eq,  39.28  or  491  (F.  Sacc) ;  Se ;  density  of  vapour  unknown. 

This  element  was  discovered  in  1817  by  Bezelius,  in  the  sulphur 
of  Fahlun,  employed  in  a  sulphuric  acid  manufactory  in  Sweden,  and 
was  named  by  him  selenium,  from  ScXt/v?/,  the  moon,  on  account  of  its 
strong  analogy  to  another  element,  tellurium,  which  derives  its  name 
from  tellusy  the  earth.  It  is  one  of  the  least  abundant  of  the 
elements,  but  is  found  in  minute  quantity  in  several  ores  of  copper, 
silver,  lead,  bismuth,  tellurium,  and  gold,  in  Sweden  and  Norway ; 
and  in  combination  with  lead,  silver,  copper,  and  mercury,  in  the 
Hartz.  It  is  extracted  from  a  seleniferous  ore  of  silver  of  a  mine  in 
the  latter  district,  and  supplied  for  sale  in  little  cylinders  of  the  thick- 
ness of  a  goose-quill,  and  three  inches  in  length,  or  in  the  form  of 
small  medalhons  of  its  discoverer.  It  has  also  been  found  in  the 
Lipari  islands  associated  with  sulphur,  and  can  sometimes  be  detected 
in  the  snlphuric  acid  both  of  Germany  and  England.  It  is  separated 
from  its  combinations  with  sulpliur  and  metals  by  a  very  complicated 
process,  for  which  I  must  refer  to  the  works  of  Berzelius."^ 

Properties  of  selenium. — This  element  is  allied  to  sulphur,  and, 
like  that  body,  exhibits  considerable  variety  in  its  physical  characters. 
When  it  cools  after  being  distilled,  its  surface  reflects  hght  like  a 
mirror,  has  a  deep  reddish  brown  colour,  with  a  metallic  lustre 
resembling  that  of  polished  blood-stone  ;  its  density  is  between  4.3 
and  4.32.  When  cooled  slowly  after  fusion  its  surface  is  rough,  of 
a  leaden  grey  colour,  its  fracture  fine-grained,  and  the  mass  resembles 
exactly  a  fragment  of  cobalt.  But  as  selenium  does  not  conduct 
electricity,  and  its  metallic  characters  are  not  constant,  it  is  better 
classed  with  the  non-metalhc  bodies.  Its  powder  is  of  a  deep  red 
colour.     By  heat  it  is  softened,  becoming  semifluid  at  392°,  and 

*  Auuals  of  Philosophy,  vol.  xiii.  p.  401  ;  or  Aunales  de  Chim.  et  de  Phys.,  xi.  160  ; 
also  Berzelius 's  Traite,  ii.  184,  Paris  edition,  Didot,  1846. 
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Fig.  136. 


fusing  completely  ut  482°.  It  remains  a  long  time  soft  on 
cooling,  and  may  then  be  drawn  out  like  sealing-wax  into  thin  and 
very  flexible  threads,  which  are  grey  and  exhibit  a  metallic  lustre  by 
reflected  light,  but  are  transparent  and  of  a  ruby  red  colour  by  trans- 
mitted liglit.  It  boils  about  1292°,  and  gives  a  vapour  of  a  yellow 
colour,  less  intense  than  that  of  sulphur,  but  more  so  than  that  of 
chlorine.  The  density  of  this  vapour  has  not  been  ascertained. 
When  heated  to  the  degree  of  ignition,  selenium  emits  a  powerful 
odour,  suggesting  that  of  decaying  horse-radish,  by  means  of  which 
the  smallest  trace  of  this  element  may  be  detected  in  minerals,  when 
heated  before  the  blow-pipe.  The  odour  was  first  ascribed  to  a 
gaseous  oxide  of  selenium,  but  it  is  found  by  M.  Sacc  that  selenium 
heated  in  perfectly  dry  air  is  inodorous,  and  the  odour  is  now  referred 
to  the  production  of  a  minute  quantity  of  hydroselenic  acid. 

Selenium  combines  in  two  proportions  with  oxygen,  forming  sele- 
nious  acid,  which  corresponds  with  sulphurous  acid,  and  selenic  acid 
corresponding  with  sulphuric  acid. 

Selenious  acid;  eq.  55.28  oi-  691;  Se02. — Selenium  does  not 

burn  in  air,  but  when  strongly 
heated  in  the  bend  of  a  glass 
tube  ab  c,  (fig.  136),  with  a 
current  of  oxygen  passing  over 
it,  selenium  takes  fire  and 
burns  with  a  flame, white  at  the 
base,  and  of  a  bluish  green  at 
the  point  and  edges,  but  not 
strongly  luminous ;  selenious 
acid  at  the  same  time  con- 
denses in  the  upper  part  of  the  tube  as  a  white  subHmate,  in  long 
quadrilateral  needles.  Its  vapour  has  the  colour  of  chlorine.  The 
same  acid  is  the  only  product  of  the  action  of  nitric  or  nitromuriatic 
acid  upon  selenium,  and  is  obtained  on  slowly  cooling  the  liquor  in 
large  prismatic  crystals,  striated  lengthwise,  which  have  a  considerable 
resemblance  to  nitre.  These  crystals  are  hydrated  selenious  acid. 
This  acid  is  largely  soluble,  both  in  water  and  alcohol.  It  is  decom- 
posed when  in  solution,  and  selenium  precipitated  by  zinc,  iron,  or 
sulphite  of  ammonia,  with  the  assistance  of  a  free  acid.  The  selenite 
of  ammonia  is  also  ^decomposed  by  heat,  and  leaves  selenium.  The 
selenious  is  a  strong  acid,  displacing  nitric  and  hydrochloric  acids 
from  their  combinations,  but  is  displaced  in  its  turn  by  the  more 
fixed  acids,  sulphuric,  boracic,  &c.  at  a  high  temperature.  (F.  Sacc, 
Annales  dfe  Ch.  3  ser.  xxi.  119.) 
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Selenic  acid,  Se  O3. — Selenium  is  brought  to  this  superior  state 
of  oxidation  at  a  high  temperature,  by  fusion  with  nitre,  a  process 
which  affords  the  seleniate  of  potash.  The  selenic  acid  is  precipitated 
from  that  salt  by  the  nitrate  of  lead ;  and  the  insoluble  seleniate  of 
lead,  after  being  washed,  is  diffused  through  water  and  decomposed 
by  a  stream  of  hydrosulphuric  acid,  which  converts  the  lead  into  in- 
soluble sulphide  of  lead,  and  liberates  selenic  acid.  A  solution  of  this 
acid  may  be  concentrated  till  its  boiling  point  rises  to  536°,  but  above 
that  temperature  it  changes  rapidly  into  selenious  acid,  with  disen- 
gagement of  oxygen.  Its  density  is  then  2.60,  and  it  contains  little 
more  than  a  single  equivalent  of  water,  and  therefore  corresponds  with 
the  protohydrate  of  sulphuric  acid,  or  od  of  vitriol.  Selenic  acid  has 
not  been  obtained  in  the  anhydrous  condition.  Zinc  and  iron  are  dis- 
solved by  this  acid,  with  the  evolution  of  hydrogen  gas ;  and  with  the 
aid  of  heat  it  dissolves  copper  and  even  gold,  an  operation  in  which 
it  is  partially  converted  into  selenious  acid.  But  it  does  not  dissolve 
platinum.  To  precipitate  its  selenium,  the  acid  may  be  digested 
with  hydrochloric  acid,  which  occasions  the  formation  of  selenious  acid 
and  the  evolution  of  chlorine,  and  then  sulphurous  acid  throws  down 
the  selenium  ;  for  it  is  singular  that  selenic  acid  is  not  de-oxidized  by 
sulphurous  acid,  although  selenious  acid  is.  The  compounds  of  se- 
lenic acid  with  bases,  so  much  resemble  the  corresponding  sulphates, 
in  their  crystalline- form,  colour,  and  external  characters,  that  they 
can  only  be  distinguished  from  them  by  the  property  which  the  sele- 
niates  have  of  detonating  when  ignited  with  charcoal,  and  causing  a 
disengagement  of  chlorine  when  heated  with  hydrochloric  acid.  To 
separate  the  selenic  from  the  sulphuric  acid,  Berzelius  recommends 
the  saturation  of  the  acids  with  potash,  and  the  ignition  of  the  dried 
salt,  mixed  with  sal-ammoniac ;  the  selenic  acid  is  decomposed  by  the 
ammonia  and  reduced  to  the  state  of  selenium. 


SECTION    IX. 

PHOSPHORUS. 

Eq.  400  or  32;   P;  density  of  vapoiir  4327  ;  |~ 

This  remarkable  element  appears  to  be  essential  to  the  organization 
of  the  higher  animals,  being  found  in  their  fluids,  and  forming,  in  the 
state  of  phosphate  of  lime,  the  basis  of  the  solid  structure  of  the 
bones.     It   is  also  found  in  most  plants,  and  in  a  few  minerals. 
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Phosphorus  was  first  obtained  by  Brand  of  Hamburgh  in  1660,  but 
Kunkel  first  made  public  a  process  for  preparing  it,  which  was  after- 
wards improved  by  Margraft'  and  by  Scheele.  Its  ready  inflamma- 
bility, from  which  phosphorus  derived  its  name,  has  always  made 
this  substance  an  object  of  popular  interest ;  while  the  singularity, 
importance,  and  variety  of  the  phosphoric  compounds  have  drawn  to 
them  no  ordinary  share  of  the  attention  of  chemists. 

V reparation. — Phosphorus  is  not  a  substance  that  can  be  easily 
prepared  on  a  small  scale,  but  ever  since  the  time  of  Godfrey  Hank- 
witz,  to  whom  Mr.  Boyle  communicated  a  process  for  preparing  it, 
phosphorus  has  been  manufactured  in  London,  in  considerable  quan- 
tity and  of  great  purity,  for  the  use  of  chemists.  The  earth  of  bones 
is  decomposed  by  ^-3rds  of  its  weight  of  sulphuric  acid,  and  the  in- 
soluble sulphate  of  lime  separated  by  filtration  from  the  soluble 
phosphoric  acid,  which  passes  through  with  a  quantity  of  phosphate 
of  lime  in  solution.  The  acid  liquor  is  then  evaporated  to  the  con- 
sistence of  a  s}Tup,  and  mixed  with  charcoal  to  form  a  soft  paste, 
which  is  rubbed  well  in  a  mortar,  and  then  dried  in  an  iron  pot  with 
constant  stirring  till  the  mass  begins  to  be  red  hot.  It  is  allowed  to 
cool,  and  introduced  as  rapidly  as  possible  into  a  stoneware  retort, 
previously  covered  with  a  coating  of  fire  clay.  The  beak  of  the  retort 
is  inserted  into  a  wider  copper  tube  of  a  few  feet  in  length,  the  free 
end  of  which  is  bent  downwards  a  few  inches  from  its  extremity  ;  and 
the  descending  portion  introduced  into  a  wide-mouthed  bottle,  con- 
taining enough  of  water  to  cover  the  extremity  of  the  tube  to  the  ex- 
tent of  a  line  or  two.  The  heat  of  the  furnace  in  which  the  retort  is 
placed  is  slowly  raised  for  three  or  four  hours,  and  then  urged 
vigorously  till  phosphorus  ceases  to  drop  into  the  water  from  the 
copper  tube,  which  may  continue  from  fifteen  to  thirty  hours, 
according  to  the  size  of  the  retort.  Carbon  at  a  high  temperature 
takes  oxygen  from  the  phosphoric  acid,  and  becomes  carbonic  oxide, 
so  that  the  phosphorus  in  distilling  over  is  accompanied  all  along  by 
that  gas. 

Wohler  recommends,  instead  of  the  preceding  process,  to  calcine 
ivory  black,  which  is  a  mixture  of  phosphate  of  lime  and  charcoal, 
with  fine  quartzy  sand  and  a  little  more  ordinary  charcoal,  in  cylin- 
ders of  fire  clay,  at  a  very  high  temperature.  Each  cylinder  has  a 
bent  copper  tube  adapted  to  it,  one  branch  of  which  descends  into  a 
vessel  containing  water.  The  efficiency  of  Wohler^s  process  depends 
upon  the  silica  ncting  as  an  acid,  and  combining  with  the  lime  of  the 
phosphate,  at  a  high  temperature,  while  tlie  liberated  phosphoric  acid 
is  decomposed  by  the  carbon. 
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Propertiefi, — At  the  usual  temperature  phosphorus  is  a  translu- 
cent soft  solid  of  a  light  amber  colour,  which  may  be  bent  or  cut 
with  a  knife,   and  the  cut  surface  has  a  waxy  lustre.     Its  density  is 
1.77.     Phosphorus  melts  at  108°,  undergoing  a  remarkable  dilata- 
tion of  0.0134  of  its  volume,  and  becoming  transparent  and  colour- 
less  immediately  before   fusion.      It   forms   a   transparent   liquid, 
possessing,  like  most  combustible  bodies,   a  high  refracting  power. 
At  217°  it  begins  to  emit  a  slight  vapour,  and  boils  at  550°,  being 
converted  into  a  vapour  which  is  colourless,  of  sp.  gr.  4355,  accord- 
ing to  the  experiment  of  Dumas,  which  coincides  almost  with  the 
theoretical   density  4327.      Its   combining   measure,   like   that  of 
oxygen,  is  1  volume,  allowing  its  equivalent  to  be  32.     When  fused 
and  left  undisturbed,  it  sometimes  remains  liquid  for  hours  at  the 
usual  temperature,  particularly  when  covered  by  an  alkaline  liquid, 
but  becomes  solid  when  touched.      Phosphorus,  when  very  pure, 
exhibits,  by  rapid  cooling  from  a  high  temperature,  a  modification 
analogous  to  that  which  sulphur  undergoes  in  the  same  circum- 
stances, but  which  is  not  so  easily  produced.     Light  causes  it,  in 
all  circumstances,  to  assume  a  red  tint ;  to  avoid  which  action  phos- 
phorus is  usually  preserved  in  an  opaque  bottle.    Phosphorus  cannot 
be  crystallized  from  a  state  of  fusion,  for  this  substance  passes  in  a 
gradual  manner  from  the  liquid  to  the  solid  condition,  a  circum- 
stance which  is  always  opposed  to  crystallization ;  but  from  its  solu- 
tion in  hot  naphtha  it  may  be  obtained,  in  cooling,  in  rhomboidal 
dodecahedrons  of  the  regular  system.     It  is  quite  insoluble  in  water, 
but  soluble  to  a  small  extent,  with  the  aid  of  heat,  in  fixed  and  vola- 
tile oils,  in  bisulphide  of  carbon,  of  which  100  parts  dissolve  20  of 
phosphorus;  in  chloride  of  sulphur,   sulphide  of  phosphorus,  and 
ether. 

Phosphorus  undergoes  oxidation  in  the  open  air,  and  diffuses 
white  vapours,  which  have  a  peculiar  odour,  suggesting  to  some  that 
of  garlic,  and  arc  luminous  in  the  dark ;  and  at  the  same  time  the 
phosphorus  becomes  covered  with  acid  drops,  which  arise  from  the 
phosphorous  acid,  produced  in  these  circumstances,  attracting  the 
humidity  of  the  air.  This  slow  combustion  is  attended  with  a  sen- 
sible evolution  of  heat,  and  may  terminate  in  the  fusion  of  the  phos- 
phorus, and  its  inflammation  with  combustion  at  a  high  temperature. 
There  is  a  necessity  for  caution,  therefore,  in  handling  phosphorus,  a 
burn  from  this  body  in  a  state  of  ignition  being  in  general  exceed- 
ingly severe.  It  is  preserved  under  the  surface  of  water.  The  low 
combustion  of  phosphorus  has  been  particularly  studied.  It  is  not 
observed  a  few  degrees  below  32°,  but  is  sensible  at  that  tempera- 
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ture,  and  increases  perceptibly  a  few  degrees  above  it.  The  presence 
of  certain  gaseous  substances^  even  in  minute  quantity,  has  a  remark- 
able effect  in  preventing  the  slow  combustion  of  phosphorus  ;  thus 
at  66°  it  is  entirely  prevented  by  the  presence  of, 

Volumes  of  Air. 

L  volume  of  olefiant  gas  in           -         -  -  450 

1  volume  of  vapour  of  sulphuric  ether  in  -  150 

1  volume  of  vapour  of  naphtha  in        -  -  1820 

1  volume  of  vapour  of  oil  of  turpentine  in  -  4444 

and  the  influence  of  these  gases  or  vapours  is  not  confined  to  low 
temperatures,  a  certain  admixture  of  all  of  them  defending  phos- 
phorus from  oxidation  even  at  200°.  But  on  allowing  such  a 
gaseous  mixture  to  expand,  by  diminishing  the  pressure  upon  it  to  a 
half  or  a  tenth,  the  phosphorus  becomes  luminous,  and  the  propor- 
tion of  foreign  gas  required  to  prevent  the  slow  combustion  must 
be  greatly  increased.  The  only  explanation  of  this  phenomenon 
which  can  be  offered  at  present,  is  that  the  gases  which  exert  this 
influence  have  an  attraction  for  oxygen,  and  there  is  reason  to  be- 
lieve are  themselves  undergoing  a  slow  oxidation  at  the  same  time. 
Now  when  two  oxidable  bodies  are  in  contact,  one  of  them  often 
takes  precedence  in  combining  with  oxygen,  to  the  entire  exclusion 
of  the  other.  Potassium  is  defended  from  oxidation  in  air  by  the 
same  vapours,  although  to  a  less  degree."^  It  is  curious,  that  in 
pure  oxygen,  phosphorus  may  remain  without  oxidating  at  all,  at 
temperatures  below  60°,  but  an  inconsiderable  rarefaction  of  the  gas, 
from  diminution  of  the  pressure  upon  it,  will  cause  the  phosphorus 
to  burst  into  the  luminous  condition.  The  dilution  of  the  oxygen 
with  nitrogen,  hydrogen,  or  carbonic  acid,  produces  the  same  effect. 
When  gradually  heated  in  air,  phosphorus  generally  catches  fire,  and 
begins  to  undergo  the  high  combustion,  before  its  temperature  has 
risen  to  140° :  of  this  high  combustion,  the  sole  product  is  phos- 
phoric acid.  The  inflammabiHty  of  phosphorus,  however,  is  greatly 
increased  by  its  impurities,  particularly  by  the  presence  of  the  red 
oxide  of  phosphorus. 

The  phosphorus  matches  now  universally  employed  for  procuring 
a  light,  are  generally  the  wooden  sulphur  match,  with  an  additional 
coating,  applied  to  its  extremity,  of  a  paste  containing  phosphorus, 
which,  wlien  diy,  will  ignite  by  friction.     The  materials  added  to 

*  Quarterly  Joarnal  of  Science,  N.S.  vol.  vi.  p.  83. 
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this  paste,  to  promote  the  combustion  of  the  phosphorus,  are  chlorate 
and  nitrate  of  potash,  or  certain  metallic  oxides,  such  as  the  binoxide 
of  manganese  or  sesquioxide  of  lead  (minium),  which  abandon 
readily  a  portion  of  their  oxygen.  The  snap,  or  little  detonation 
wliich  attends  the  ignition  of  these  matches,  is  caused  by  the  chlo- 
rate of  potash,  and  is  obviated  by  substituting  nitre  for  that  salt ; 
although,  to  give  the  proper  inflammabiKty,  a  small  proportion  of 
chlorate  is  found  to  be  indispensable.  Tlie  phosphorus  paste  is 
made  by  melting  phosphorus  in  a  vessel  with  a  certain  quantity  of 
water  at  120°.  The  requisite  proportion  of  chlorate  or  nitrate  of 
potash  is  dissolved  in  this  water,  and  the  metallic  oxides  added,  if 
the  latter  are  used,  and  then  enough  of  gum  to  thicken  the  liquid. 
The  whole  are  well  triturated  together,  in  a  mortar,  till  the  globules 
of  phosphorus  cease  to  be  visible  to  the  eye;  and  the  mass  is 
coloured  blue  with  Prussian  blue,  or  red  with  minium.  The  points 
of  the  matches  already  sulphured  are  dipped  into  this  paste,  so  as  to 
cover  their  extremities,  and  then  cautiously  dried  in  a  stove.  The 
gum  on  drying  forms  a  varnish,  which  defends  the  phosphorus  from 
oxidation  by  the  air  till  the  surface  is  abraded  by  friction,  when 
the  phosphorus  first  takes  fire  and  communicates  its  combustion  to 
the  sulphur,  which  again  ignites  the  wood  of  the  match. 

Phosphorus  is  susceptible  of  four  different  degrees  of  oxidation, 
the  highest  of  wliich  is  a  powerful  acid,  while  the  acid  character  is 
not  absent  even  in  the  lowest.     These  compounds  are : — 


Oxide  of  phosphorus     - 

-       2P  +  0 

Hypophosphorous  acid  - 

P  +  0 

Phosphorous  acid 

P  +  30 

Phosphoric  acid    - 

P  +  50, 

OXIDE  OP  PHOSPHORUS. 

Eq,  U  or  900 ;  PgO. 

When  burned  in  air  or  oxygen,  phosphorus  generally  leaves  beliind 
it  a  small  quantity  of  a  red  matter,  which  is  an  oxide  of  phosphorus. 
The  same  compound  is  obtained,  in  larger  quantity,  by  directing  a 
stream  of  oxygen  gas,  upon  melted  phosphorus,  under  hot  water, 

2r 
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and  was  found  by  Pelouze  to  contain  3  equivalents  of  phosphorus  to 
2  of  oxygen."^ 

But  this  oxide  is  impure,  and  the  definite  oxide  appears  to  have 
been  first  obtained  by  Leverrier.f  His  process  is  to  expose  to  the 
air  small  fragments  of  phosphorus  covered  by  the  liquid  chloride  of 
phosphorus  (PCI3),  in  an  open  bolt-head.  Phosphoric  acid  is 
formed,  and  also  a  yellow  matter,  which  he  finds  to  be  a  phosphate 
of  the  oxide  of  phosphorus,  and  which  gives  a  yellow  solution  with 
water.  This  solution  is  decomposed  about  176°,  and  a  flocculent 
yellow  matter  subsides,  which  is  a  hydrate  of  the  oxide  of  phos- 
phorus, nearly  insoluble  in  water.  This  compound  abandons  its 
combined  water,  when  dried  in  vacuo  over  sulphuric  acid,  or  when 
cooled  below  32°,  when  the  water  separates  as  ice,  and  oxide  of 
phosphorus  remains  perfectly  pure. 

The  oxide  of  phosphorus  is  a  powder  of  a  canary  yellow  colour, 
denser  than  water,  and  soluble  neither  in  water,  alcohol,  nor  ether. 
It  may  be  kept  in  dry  air  without  change.  It  resists  a  temperature 
of  570°  without  decomposition,  but  assumes  a  lively  red  colour; 
and  does  not  take  fire  in  air  till  heated  a  little  above  the  boihng 
point  of  mercury.  This  oxide  absorbs  dry  ammoniacal  gas,  and 
appears  to  form  feeble  combinations  with  the  fixed  alkalies.  Lever- 
rier  assigns  to  its  hydrate  the  composition  PgO  +  2H0,  and  to  its 
phosphate,  2P2O  +  3PO5. 


HYPOPHOSPHOROUS  ACID. 

Eq.  40  or  500;  PO;    not  isolahle.      Formula  of  a  Hypophos- 
^/ieV^,  M0.P0  +  2H0. 

This  acid  was  discovered  in  1816  by  Dulong.f  It  was  obtained 
by  the  action  of  water  upon  the  phosphide  of  barium,  of  which  the 
phosphorus  of  one  portion  oxidates  and  becomes  the  acid  in  ques- 
tion, at  the  expense  of  the  water,  while  the  phosphorus  of  another 
portion,  combining  with  the  hydrogen  of  the  water,  produces  phos- 
phuretted  hydrogen  gas.  Eose  prepares  the  same  hypophospliite  of 
baryta  by  boiling  phosphorus  in  a  solution  of  caustic  baryta,  till  all 
the  phosphorus  disappears  and  the  vapours  have  no  longer  the  smell 

*  Annales  de  Chim,  et  de  Phys.  1.  83. 
t  Amiales  de  Chim.  et  de  Phys.  Ixv.  257. 
i  Amiales  de  Chim.  et  de  Phvs.  ii.  141. 
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of  garlic."*^  Wurtz  uses  sulphide  of  barium.  To  separate  the  hyphos- 
phorous  acid  from  the  baryta,  diluted  sulphuric  acid  is  added,  which 
precipitates  the  latter.  To  remove  again  the  excess  of  sulphuric 
acid  unavoidably  added,  the  acid  liquid  is  saturated  with  oxide  of 
lead,  which  forms  a  soluble  hypophosphite  of  lead  and  an  insoluble 
sulphate  of  lead.  The  latter  is  separated  by  filtration,  and  the  lead 
thrown  down  from  the  filtrate  by  a  stream  of  hydrosulphuric  acid 
gas.  Tlie  acid  remaining  in  solution  may  be  concentrated  with  cau- 
tion to  the  consistence  of  a  thick  syrup,  but  affords  no  crystals. 
More  strongly  heated,  the  hydrate  of  hypophosphorous  acid  under- 
goes decomposition,  being  converted  into  phosphoric  acid,  with  the 
evolution  of  phosphuretted  hydrogen  and  a  deposition  of  phos- 
phorus. The  anhydrous  acid  PO  has  never  been  obtained,  3  eq.  of 
water  being  essential  to  its  composition ;  namely,  1  eq.  as  base,  and 
2  eq.,  which  appear  to  form  elements  of  the  acid  itself  (Wurtz). 
Hence  the  formula  of  the  acid  is  H0.P0  +  2H0;  or,  believing 
with  Wurtz,  that  both  the  oxygen  and  hydrogen,  of  2 HO,  are  nega- 
tive elements  of  the  acid,  like  the  oxygen  in  phosphoric  acid,  the 
fonnula  is  HO.PHgOg,  corresponding  with  the  protohydrate  of 
phosphoric  acid  HO.PO5. 

Hypophosphorous  acid  is  colourless,  viscid,  and  sour  to  the  taste. 
It  withdraws  oxygen  from  the  sesquioxide  of  lead,  and  some  other 
metallic  oxides.  When  heated  with  sulphuric  acid  it  changes  the 
latter  into  sulphurous  acid,  and  also  produces  a  deposit  of  sulphur,  a 
property  by  which  it  is  distinguished  from  phosphorous  acid,  the 
complete  decomposition  of  sulphuric  acid  not  being  effected  by  the 
latter  acid.  Hypophosphorous  acid  also  decomposes  sulphate  of 
copper  in  solution,  producing,  when  the  temperature  is  only  sHghtly 
raised,  a  solid  insoluble  compound  of  that  metal  with  hydrogen,  the 
hydride  of  copper  discovered  by  M.  Wurtz,  and  at  the  boiling  point 
a  deposit  of  metallic  copper  with  the  evolution  of  hydrogen  gas. 

The  hypophosphites  are  all  soluble  in  water,  and  the  salts  of  the 
magnesian  family,  such  as  those  of  magnesia  and  cobalt,  crystalKze 
well.  They  are  easily  obtained  by  decomposing  the  hypophosphite 
of  baryta  by  the  soluble  sulphates.  The  dry  hypophosphites  are 
permanent  in  air,  but  their  solutions,  evaporated  by  heat,  absorb 
oxygen.  They  all  contain  the  2  equivalents  of  water  which  are 
essential  to  the  constitution  of  a  hypophosphite.f 

*  H.  Rose,  sur  les  Hypophosphites,  Annales  de  Chim.  et  de  Phys.  xxxviii.  258. 
t  Wurtz,  Annales  de  Chim.  et  de  Phys.  3  ser.  vii.  35 ;  and  xvi.  190.    Also,  H.  Rose, 
ib.  viii,  364. 
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Eq.  56  or  800 ;  PO3.     Formula  of  a  Phosjjhite, 
2MO.PO3  +  HO. 

Preparation. — This  acid  is  the  principal  product  of  the  slow 
combustion  of  phosphorus,  but  changes  after  its  formation  into 
phosphoric  acid,  from  the  further  absorption  of  oxygen  from  the 
air.  It  may  be  obtained  in  the  anhydrous  condition  by  burning 
phosphorus  with  imperfect  access  of  air.  Berzelius  recommended  for 
this  operation  a  tube  of  glass,  about  10  inches  in  length  and  J  inch  in 
diameter,  w^hich  is  nearly  closed  at  one  end,  an  opening  no  greater 
than  a  large  pin-hole  being  left  there,  and  at  a  distance  of  an  inch 
from  this  extremity  the  tube  is  bent  at  an  obtuse  angle.  A  small 
fragment  of  phosphorus  is  introduced  into  the  angle  of  the  tube, 
and  heated  till  it  takes  fire.  It  burns  with  a  pale  greenish  flame, 
and  the  phosphorous  acid  produced  is  carried  along  by  the  feeble 
current  of  air,  and  condenses  in  the  ascending  part  of  the  tube,  as  a 
white  powder,  volatile  but  not  in  the  slightest  degree  crystalKne. 
The  phosphorus  must  not  be  so  much  heated  as  to  cause  it  to  sub- 
lime unchanged.  In  contact  with  air,  phosphorous  acid  is  apt  to 
inflame,  from  the  heat  occasioned  by  the  condensation  of  moisture, 
and  is  converted  into  phosphoric  acid.  The  phosphorous  acid  of  the 
preceding  process  is  immediately  soluble  in  water,  while  the  phos- 
phoric acid,  which  sometimes  accompanies  it,  remains  for  a  short 
time  undissolved,  in  the  form  of  white  translucent  flocks. 

Hydrated  phosphorous  acid  is  obtained  by  throwing  a  few  drops 
of  water  on  the  liquid  ter-chloride  of  phosphorus  (PCI3),  when  that 
compound  evolves  hydrochloric  acid  gas,  and  gives  hydrated  phos- 
phorous acid. 

P  CI3  and  3H0  =  PO3  and  3  HCl. 

The  hydrated  acid  is  also  obtained  by  the  method  of  Droquet. 
Two  or  tliree  ounces  of  phosphorus  are  melted  in  a  cylindrical  glass 
receiver  or  sealed  tube,  of  10  or  12'  inches  in  length,  and  nearly 
an  inch  in  diameter,  and  the  tube  filled  up  with  water.  This  tube, 
which  will  contain  a  column  of  fluid  phosphorus  of  5  or  6  inches 
in  height,  is  then  properly  disposed  in  a  bason  or  bolt-head  of 
warm  water,  so  as  to  retain  the  phosphorous  fluid.  Clilorine  gas 
is  conveyed  by  a  quill  tube,  from  a  flask  in  which  it  is  generated,  to 
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the  bottom  of  the  fluid  phosphorus,  where  combination  takes  place 
with  ignition,  and  the  chloride  of  phosphorus  is  formed.  Tliis 
chloride  is  dissolved  by  the  water  covering  the  phosphorus,  and  con- 
verted into  hydrochloric  acid  and  phosphorous  acid.  The  chlorine 
must  be  transmitted  very  slowly  through  the  phosphorus,  as  any 
portion  of  that  gas  wliich  reaches  the  water  converts  the  phosphorous 
into  phosphoric  acid ;  and  the  absorption  of  the  clilorine  by  the  phos- 
phorus is  most  complete  when  it  is  free  from  any  other  gas.  When 
the  remaining  phosphorus  fixes,  upon  cooling,  the  acid  fluid  may  be 
poured  off,  and  concentrated  by  boiling,  till  it  becomes  syrupy  and 
the  volatile  hydrocliloric  acid  is  entirely  expelled. 

Properties, — In  its  most  concentrated  state,  the  hydrate  of  phos- 
phorous acid  contains  three  equivalents  of  water,  and  crystallizes  in 
transparent  prisms.  When  heated  it  is  resolved  into  hydrated  phos- 
phoric acid,  and  pure  phosphuretted  hydrogen  gas,  which  is  not 
spontaneously  inflammable  as  so  prepared.  The  solution  of  phos- 
phorous acid  absorbs  oxygen  from  the  air  slowly,  if  concentrated,  but 
quickly  when  dilute.  Like  sulphurous  acid,  it  takes  oxygen  from 
the  oxide  of  mercury,  when  heated  with  it,  and  decomposes  also  the 
salts  of  gold  and  silver.     It  is  one  of  the  more  feeble  acids. 

Phosphites. — The  class  of  phosphites,  which  has  been  examined, 
is  bibasic,  that  is,  they  contain  2  eq.  of  base  to  1  of  phosphorous  acid. 
They  also  retain  i  eq.  of  water,  the  elements  of  which  are  proved 
by  Wurtz  to  enter  into  the  constitution  of  the  acid.  Phosphorous 
acid  is  thus  represented  with  5  negative  equivalents  PHO*,  like 
phosphoric  acid  PO5.  Much  information  respecting  the  phosphites 
is  contained  in  the  papers  of  Berzelius."^ 

Analysis  of  ])hosphorou8  and  hypophosphorous  acids. — The 
composition  of  both  phosphorous  and  hypophosphorous  acid  is  de- 
termined by  adding  nitric  acid  to  their  solutions,  by  which  they  are 
converted  into  phosphoric  acid.  But  the  weight  of  the  resulting 
phosphoric  acid  cannot  be  obtained  by  simply  evaporating  its  solu- 
tion to  dryness,  as  that  acid  retains  an  indefinite  quantity  of  water  in 
combination.  It  is  necessary  to  add  to  the  liquid  a  weighed  quantity 
of  oxide  of  lead,  more  than  sufficient  to  neutralize  the  phosphoric 
acid  and  what  remains  of  the  nitric  acid.  The  whole  is  then  evapo- 
rated to  dryness  in  a  platinum  capsule,  and  heated  sufficiently  to  expel 
the  nitric  acid  from  the  nitrate  of  lead  formed.  Tlie  water,  pre- 
viously combined  with  the  phosphoric  acid,  is  displaeed  by  the  oxide 

*  Auuales  dc  Chira.  et  de  Phys.  ii.  151,  217,  329,  tt  x.  27S. 
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of  lead,  and  escapes,  leaving  only  phosphate  of  lead  with  the  excess 
of  oxide  of  lead.  This  residue  is  weighed,  and  the  original  weight 
of  oxide  of  lead  is  deducted  from  it  to  obtain  the  weight  of  dry 
phosphoric  acid.  The  composition  of  phosphoric  acid  being  known 
(32  phosphorus  and  40  oxygen),  the  quantity  of  phosphorus  in  the 
phosphoric  acid  of  the  experiment  is  obtained  by  a  simple  calculation. 

Further,  if  a  stream  of  clilorine  gas  be  transmitted  through  a  solu- 
tion of  hypophosphorous  acid,  it  is  converted  into  phosphoric  acid 
by  the  oxygen  of  water  which  is  decomposed.  The  clilorine  uniting 
with  the  hydrogen  of  the  water,  at  the  same  time,  and  becoming 
hydrochloric  acid,  the  quantity  of  the  latter  acid  produced  supplies 
a  measure  of  the  oxygen  required  to  convert  the  hypophosphorous 
acid  into  phosphoric  acid. 

The  composition  of  phosphorous  acid  may  also  be  deduced  from  the 
analysis  of  terchloride  of  phosphorus,  which  can  be  made  very  exactly. 
One  hundred  grains  of  that  liquid  compound  being  mixed  with  water 
in  a  flask,  it  is  instantaneously  converted  into  hydrochloric  and  phos- 
phorous acid  j  and  by  the  addition  of  a  httle  nitric  acid  the  latter  acid 
is  changed  into  phosphoric  acid.  The  chloride  of  silver,  precipitated 
by  a  solution  of  nitrate  of  silver  added  in  excess  to  the  acid  liquid, 
will  weigh  310.85  grains,  and  contains  76.85  grains  of  chlorine. 
Hence  100  grains  of  terchloride  of  phosphorus  contain  76.85 
grains  of  chlorine,  and  the  remaining  23.14  grains  is  phosphorus. 
But  these  numbers  are  in  the  proportion  32  phosphorus  and  106.5 
chlorine,  or  1  eq.  of  the  former,  and  3  eq.  of  the  latter ;  giving 
P  CI3  as  the  composition  of  the  terchloride  of  phosphorus,  finally, 
as  phosphorous  acid  is  formed  from  the  terchloride  of  phosphorus, 
by  replacing  the  chlorine  by  an  equivalent  quantity  of  oxygen,  it 
follows  evidently  that  the  composition  of  phosphorous  acid  is  PO3. 

PHOSPHORIC  ACID. 

Eq.  72  or  900  ;  PO5;  forms  three  hydrates  and  three  classes 

of  salts ; 
Formula  of  a  Monohasic  phosphate,  or  Metaphos- 

Vhate MO.PO5 

"        "  Bibasic phosphate,  or  Pyrophosphate     2MO.PO5 

"        "  Tribasic  phosphate,  or  Phosphate  .      3MO.PO5 


Preparation. — To  obtain  this  acid  in  a  state  of  purity,  a  conve- 
nient process  is  to  set  fire  to  about  a  drachm  of  phosphorus  upon 
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a  little  metallic  capsule,  placed  in  the  centre  of  a  large  stone- 
ware plate,  and  immediately  cover  it  by  a  dry  bell  jar  of  the  largest 
size.  The  phosphorus  is  converted  into  white  flakes  of  phosphoric 
acid,  which  are  retained,  with  very  little  loss,  within  the  bell  jar,  and 
fall  upon  the  plate  like  snow. 

The  process  may  be  made  a  continuous  one,  and  a  large  quantity 

of  phosphoric  acid  prepared  by  the  arrangement  of  figure  139.     The 

phosphorus  is  burned  within  a  large  glass  balloon  A,  having  three 

Fig.  139.  tubulures,   which 

has  been  well 
dried  before  hand. 
The  cork  of  the 
upper  tubulure 
is  traversed  by  a 
long  tube,  a  b, 
open  at  both  ends, 
and  about  half  an 
inch  in  diameter, 
and  which  de- 
scends to  about 
the  centre  of  the 
globe.  A  Httle 
capsule  of  plati- 

num  or  porcelain  v  is  attached,  by  means  of  platinum  wires,  below 
the  lower  opening  of  this  tube.  To  the  second  tubulure  d  a  drying 
tube  C,  containing  pumice  soaked  in  oil  of  vitriol,  is  attached ;  and 
to  the  third  tubulure  g  a  somewhat  wide  bent  tube,  g  h,  of  which  the 
other  extremity  descends  into  a  well-dried  bottle  B.  This  last  vessel 
is  placed  in  communication,  by  means  of  the  tube  k  /,  with  any  aspi- 
rating apparatus,  by  means  of  which  a  continuous  current  of  air  is 
determined,  which  penetrates  by  the  tube  C,  where  it  is  dried,  and 
traverses  the  whole  apparatus.  A  fragment  of  phosphorus  is  now 
dropt  upon  the  capsule  v,  by  the  tube  a  b,  lighted  by  a  hot  wire,  and 
the  upper  opening  a  then  closed  by  a  cork.  When  the  combustion 
is  completed,  another  fragment  of  phosphorus  is  added,  always  taking 
care  to  dry  tlie  fragment  carefully  with  filter  paper  before  its  intro- 
duction. The  phosphoric  acid  produced  is  partly  deposited  in  the 
globe  A,  and  partly  carried  forward  into  the  bottle  B.  It  is  thus 
obtained  quite  anhydrous. 

The  dry  phosphoric  acid  is  distinguished  by  the  same  shade  of 
white,  absence  of  crystallization,  and  perfect  opacity,  as  solid  carbonic 
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acid.  Exposed  for  a  few  minutes  to  the  air,  it  deliquesces ;  and 
when  the  solid  acid  is  collected  in  a  wine-glass,  and  a  few  drops  of 
water  are  thrown  upon  it,  it  is  converted  into  a  hydrate  with  explo- 
sive ebullition,  from  the  heat  evolved.  The  anhydrous  acid  is  per- 
fectly fixed,  unless  in  the  presence  of  aqueous  vapour,  when  it 
sublimes  away,  probably  in  the  state  of  a  hydrate. 

Phosphorus  may  likewise  be  oxidated  by  means  of  nitric  acid.  In 
this  operation,  the  fuming  nitric  acid  should  be  diluted  with  an  equal 
bulk  of  water,  to  avoid  accidents  from  the  violent  action  of  the  acid, 
which  may  cause  the  phosphorus  to  be  projected  in  a  state  of  ignition ; 
the  diluted  acid  is  boiled  upon  the  phosphorus,  and  being  afterwards 
evaporated  to  dryness,  it  yields  a  hydrated  phosphoric  acid. 

Phosphoric  acid  is  also  obtained  in  large  quantity  from  calcined 
bones,  which  are  reduced  to  a  fine  powder  and  mixed  with  4-5ths  of 
their  weight  of  oil  of  vitriol,  previously  diluted  with  4  or  5  times  its 
bulk  of  water,  as  in  the  preparation  of  phosphorus  (page  430).  Car- 
bonate of  ammonia  is  then  added  to  the  filtered  solution  of  phosphoric 
acid,  and  the  resulting  phosphate  of  ammonia  being  evaporated  to 
dryness  and  heated  to  low  redness  in  a  platinum  crucible,  a  hydrated 
phosphoric  acid  remains,  in  a  fused  state,  which  is  known  as  glacial 
phosphoric  acid,  from  its  resemblance  to  ice. 

To  exhibit  many  of  its  properties  phosphoric  acid  must  be  first 
dissolved  in  water,  when  the  compound  is  found  to  be  marked  by  an 
inconstancy  and  variableness  in  its  characters,  most  unusual  in  a 
strong  acid.  This  arises  from  the  circumstance  that  it  is  not  actual 
phosphoric  acid  which  dissolves  in  water,  any  more  than  it  is  true 
sulphuric  acid  which  dissolves  in  water  when  oil  of  vitriol  is  added 
to  that  fluid.  It  is  a  hydrate  of  both  acids,  which  is  soluble ;  the 
phosphate  of  water  in  the  one  case  and  the  sulphate  of  water  in  the 
other.  But  the  phosphoric  acid  difi'ers  from  the  sulphuric,  in  a  sin- 
gular and  almost  peculiar  capacity  to  form  three  different  salts  of 
water,  instead  of  one  only ;  and  these  three  phosphates  of  water  are 
all  soluble  without  change,  and  exhibit  properties  so  different,  that 
they  might  be  supposed  to  contain  three  different  acids.  When  the 
dry  acid  from  the  combustion  of  phosphorus  is  thrown  into  water,  it 
produces  a  mixture,  in  variable  proportions,  of  the  three  hydrates ; 
but  each  of  them  may  be  had  separately,  and  in  a  state  of  purity,  by 
a  particular  process. 

Ter hydrate,  or  trihasic  phosphate  of  water,  SHO  +  POg. — The 
common  phosphate  of  soda  of  pharmacy  may  be  had  recourse  to  for 
all  the  hydrates  of  phosphoric  acid ;  but  it  should  be  first  dissolved 
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and  crystallized  anew  to  purify  it.  To  a  warm  solution  of  the  pure 
phosphate  of  soda  in  a  bason,  a  solution  of  acetate  of  lead  in  distiUed 
water  is  added,  so  long  as  it  occasions  a  precipitate ;  the  phosphate  of 
soda  requires  rather  more  than  an  equal  weight  of  acetate  of  lead. 
The  dense  insoluble  phosphate  of  lead  which  precipitates,  is  washed, 
and  being  afterwards  suspended  in  cold  water,  is  decomposed  by  a 
stream  of  hydrosulphuric  acid  gas  sent  through  it.  The  liquid  may 
then  be  warmed,  to  expel  the  excess  of  hydrosulphuric  acid,  and  fil- 
tered from  the  black  sulphide  of  lead :  it  is  very  sour,  and  contains 
the  terhydrate  of  phosphoric  acid.  The  characters  of  this  acid  solu- 
tion are,  to  give  a  yellow  precipitate  with  nitrate  of  silver,  to  give  a 
granular  crystalline  precipitate  with  ammonia  and  sulphate  of  mag- 
nesia— the  phosphate  of  magnesia  and  ammonia,  to  yield  the  common 
phosphate  of  soda  when  neutridized  with  carbonate  of  soda,  to 
form  salts  which  have  invariably  3  eq.  of  base  to  1  of  phosphoric 
acid,  and  to  be  unalterable  by  boiling  its  solution  or  keeping  it  for 
any  length  of  time.  The  class  of  salts  which  this  hydrate  forms  are 
the  old  phosphates,  which  have  long  been  known,  and  it  is  convenient 
to  allow  them  to  be  particularly  distinguished  as  the  phosphates  or 
the  common  phosphates. 

Deuto-hydrate  of  i^hosphoric  acid,  or  bihasic  phosphate  of 
«<;«/^r,  2HO  +  PO5. — Dr.  Clark  first  discovered  that  when  the  phos- 
phate of  soda  is  heated  to  redness,  it  is  completely  changed,  and  after 
being  dissolved  in  water  affords  crystals  of  a  new  salt,  which  he 
named  the  pyrophosphate  of  soda, — an  observation  which  led  to  inte- 
resting results^.  If  a  solution  of  this  salt,  which  it  is  not  necessary 
to  crystallize,  be  precipitated  by  acetate  of  lead,  the  insoluble  salt  of 
lead  washed  and  decomposed  by  hydrosulphuric  acid,  as  before,  an 
acid  liquor  is  obtained  which  contains  the  deuto-hydrate  of  phosphoric 
acid.  It  must  not  be  warmed  to  expel  the  excess  of  hydrosulphuric 
acid,  but  be  left  in  a  shallow  bason  for  twenty- four  hoiirs  to  permit 
the  escape  of  that  gas.  This  acid,  when  neutralized  with  carbonate 
of  soda,  gives  Dr.  Clark's  pyrophosphate  of  soda.  It  also  gives 
a  white  precipitate  with  nitrate  of  silver ;  all  the  salts  which  it  forms 
have  uniformly  two  eq.  of  base.  They  were  named  the  jiyrophos- 
phates,  and  since  that  term  has  come  into  use,  it  is  not  likely  to  be 
superseded  by  the  systematic,  but  rather  inconvenient  designation  of 
bibasic  phosphates.  A  dilute  solution  of  the  deuto-hydrate  of  phos- 
phoric acid  may  be  preserved  for  a  month  without  sensible  change,  but 

*  Edinburgh  Journal  of  Science,  vol.  vii.  p.  298,  (182G) ;  or  Annales  dc  Chim.  ct  de 
Phys.  xli.  276. 
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when  the  sohition  is  exposed  for  some  time  to  a  high  temperature^  it 
passes  entirely  into  the  terhydrate. 

Protohydrate  of  plwsphoric  acid. — If  the  biphosphate  of  soda  be 
heated  to  redness^  a  salt  is  formed,  which  treated  in  a  similar  manner 
with  the  last,  gives  an  acid  liquid,  containing  the  protohydrate  of 
phosphoric  acid.  To  prepare  the  biphosphate  itself,  a  solution  of  the 
terhydrate  of  phosphoric  acid  is  added  to  a  solution  of  common  phos- 
phate of  soda,  till  it  is  found  that  a  drop  of  the  latter  is  no  longer 
precipitated  by  chloride  of  barium.  The  biphosphate  of  soda,  which 
is  now  in  solution,  can  only  be  crystallized  in  cold  weather.  The 
glacial  phosphoric  acid  also  is  in  general  almost  entirely  the  protohy- 
drate. This  hydrate  is  characterized  by  producing  a  white  precipitate 
in  solution  of  albumen,  which  is  not  disturbed  by  the  other  hydrates, 
and  in  solutions  of  the  salts  of  earths  and  metallic  oxides,  pre- 
cipitates which  are  remarkable  semifluid  bodies,  or  soft  soHds, 
without  crystallization.  All  these  salts  contain  only  one  eq.  of 
base  to  one  of  acid,  like  the  protohydrate  of  the  acid  itself.  The 
name  metapliosj>hates  was  appHed  to  the  class  by  myself,  to  mark 
the  cause  of  the  retention  of  peculiar  properties  by  their  acid,  when 
free  and  in  solution ;  namely,  that  it  was  not  then  simply  phosphoric 
acid,  but  phosphoric  acid  together  with  water."^  This  is  the  least 
stable  of  the  hydrates  of  phosphoric  acid,  being  converted  rapidly,  by 
the  ebullition  of  its  solution,  into  the  terhydrate.  If  the  terms  me- 
taphosphoric  acid  and  iiyrophosphoric  acid  are  employed  at  all,  it 
is  to  be  remembered  that  they  are  appHcable  to  the  proto  and  deuto- 
hydrates,  and  not  to  the  acid  itself,  which  is  the  same  in  all  the  hy- 
drates. But  to  prevent  the  chance  of  misconception,  metaphosphate 
of  water  and  pyrophosphate  of  water  might  be  substituted  for  the 
former  terms. 

A  solution  of  the  terhydrate  of  phosphoric  acid,  evaporated  in 
vacuo  over  sulphuric  acid,  crystallizes  in  thin  plates,  which  are  ex- 
tremely dehquescent.  The  deutohydrate  has  also  been  obtained  in 
crystals.  When  heated  to  400°,  the  terhydrate  loses  a  portion  of 
water,  and  becomes  a  mixture  of  the  deuto  and  protohydrates ;  and 
by  heating  it  to  redness  for  some  time,  the  proportion  of  water  may 
be  reduced  to  1  equivalent,  or  perhaps  even  less  than  this ;  and  such 
is  the  composition  of  glacial  phosphoric  acid.  But  at  that  high  tem- 
perature much  of  the  hydrated  phosphoric  acid  passes  off  in  vapour. 
The  solution  of  phosphoric  acid  is  not  poisonous,  nor  when  concen- 

*  Researches  on  the  Arseniates,  Phosphates,  and  Modifications  of  Phosphoric  Acid' 
Phil.  Trans.  1833,  p.  253  ;  or  Phil.  Mag.  3rd  series,  vol.  iv.  p.  401. 
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trated  does  it  act  as  a  cautery,  but  it  injures  the  teeth  from  its  pro- 
perty of  dissolving  phosphate  of  lime.  The  soluble  phosphates, 
which  are  not  acid,  give  a  precipitate  with  chloride  of  barium,  which 
is  the  phosphate  of  baryta.  This  phosphate,  in  common  with  all  the 
insoluble  phosphates,  is  dissolved  by  nitric  acid,  hydrochloric  acid, 
and  even  acetic  acid,  a  property  by  which  it  is  distinguished  from 
sulphate  of  baryta.  A  solution  of  phosphate  of  lime  in  phosphoric 
acid  has  been  prescribed  in  rickets,  a  disease  which  indicates  a  defi- 
ciency of  earthy  phosphates  in  the  system.  The  phosphate  of  soda, 
also,  is  given  as  a  mild  aperient ;  its  taste  is  saline,  but  not  disa- 
greeably bitter. 

Phosphates. — The  formation  of  three  classes  of  phosphates  from 
the  three  basic  hydrates  of  phosphoric  acid,  affords  an  excellent  illus- 
tration of  tlie  formation  of  compounds  by  substitution ;  the  quantity 
of  fixed  base,  such  as  soda,  with  which  phosphoric  acid  combines  in 
the  humid  way,  being  entirely  regulated  by  the  proportion  of  water 
previously  in  union  with  the  acid,  which  is  simply  replaced  by  the 
fixed  base.     Thus,  the  protohydrate  of  phosphoric  acid  combines 
with  no  more  than  one,  and  the  deutohydrate  with  no  more  than  two 
equivalents  of  soda,  although  a  larger  quantity  of  alkali  be  added  to 
it.     The  excess  of  alkali  remains  free.     Again,  supposing  an  equiva- 
lent quantity  of  the  terhydrate  of  phosphoric  acid  in  solution,  and 
one  equivalent  of  soda  added  to  it,  one  equivalent  only  of  water  is 
displaced,  and  two  retained,  and  a  phosphate  formed,  containing  one 
of  soda  and  two  of  water  as  bases;  the  salt  already  adverted  to 
under  its  old  name  of  biphosphate  of  soda.     Let  a  second  equiva- 
lent of  soda  be  added  to  this  salt,  and  a  second  basic  equivalent  of 
water  is   displaced,   and  a  tribasic  salt  produced,  containing  two 
of  soda  and  one  of  water  as  bases,  which  is  the  common  phosphate  of 
soda  of  pharmacy.     A  third  equivalent  of  soda  added  to  the  last  salt 
displaces  the  last  remaining  equivalent  of  basic  water,  and  a  tribasic 
phosphate  is  formed,  of  which  the  whole  three  equivalents  of  base 
are  soda,  and  which  has  the  name  of  subphosphate  of  soda.     But 
this  last  salt  can  unite  with  no  more  soda.     The  same  three  salts  may 
be  formed  by  means  of  the  tribasic  phosphate  of  water,  in  another 
manner.     That  acid  hydrate  decomposes  chloride  of  sodium,  but  only 
to  a  certain  extent,  expelling  hydrochloric  acid,  so  as  to  acquire  one 
of  soda,  and  becoming  ^HO.NaO  +  POg,  or  the  biphosphate  of  soda 
already  referred  to  j  the  same  acid  hydrate  applied  to  the  carbonate  or 
the  acetate  of  soda,  can  assume  two  proportions  of  soda,  displacing 
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twice  as  much  of  the  weaker  carbonic  and  acetic  acids,  as  of  the  hy- 
drochloric acid,  and  so  becomes  HO.SNaO+POg,  or  the  common 
phosphate  of  soda ;  and  the  same  acid  hydrate  appHed  to  the  hy- 
drate of  soda  (caustic  soda),  assumes  three  of  soda,  and  becomes 
3  NaO  +  PO5,  or  the  subphosphate  of  soda. 

Prom  soluble  tribasic  phosphates,  such  as  those  mentioned,  inso- 
luble salts  may  be  precipitated,  which  are  Kkewise  tribasic,  by  adding 
solutions  of  most  metallic  salts.  Thus  1  equivalent  of  the  common 
phosphate  of  soda,  added  to  the  nitrate  of  silver  in  excess,  decomposes 
3  equivalents  of  it,  and  produces  the  yellow  tribasic  phosphate  of 
silver,  as  explained  in  the  following  diagram,  in  which  the  name  of  a 
substance  is  understood  to  express  one  equivalent  of  it,  and  the 
figures,  numbers  of  equivalents : — 

Before  decomposition.  After  decomposition. 

-ni,      I,  A     C^  Soda 72  Nitrate  of  soda 

Phosphates     ^^j^^ /.Nitrate  of  water 


of  soda 


3  Nitrate 


Phosphoric  acid 

2  Nitric  acid    .  . 

Nitric  acid 


silver         ^^  q^^^  ^^  ^^^^^    ^ -^Phosphate  of  silver 

(Tribasic  phosp.  silv.) 

Here,  then,  is  exact  mutual  decomposition,  but  it  is  attended  with  a 
phenomenon  which  does  not  occur  when  other  neutral  salts  decom- 
pose each  other.  The  liquid  does  not  remain  neutral,  but  becomes 
highly  acid  after  precipitation ;  the  reason  is,  that  one  of  the  new  pro- 
ducts is  the  nitrate  of  water,  or  hydrated  nitric  acid ;  and  consequently 
the  products,  although  neutral  in  composition,  are  not  neutral  to  test 
paper. 

The  pyrophosphate  of  soda,  which  is  bibasic,  decomposes,  on  the 
other  hand,  two  proportions  of  nitrate  of  silver,  and  gives  a  pyrophos- 
phate or  bibasic  phosphate  of  silver,  which  is  a  white  precipitate;  thus — 

Before  decomposition.  After  decomposition. 

Pyrophosphate  r2  Soda -^^  Nitrate  of  soda 

of  soda         i    Phosphoric  acid  .  -..^^^^^^^ 
2  Nitrate  of     <■  2  Nitric  acid    .  .  .  ->\^^^ 

silver  i  2  Oxide  of  silver _^^Pyrophos.  of  silv. 

(Bibasic  phos.  sil.) 

Here  there  is  no  salt  of  water  among  the  products,  and  consequently 
the  Hquid  is  neutral  after  precipitation. 

The  metaphosphate  of  soda,  which  is  monobasic,  like  the  sulphates. 
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nitrates,  and  other  familiar  salts,  decomposes  like  these  but  one  pro- 
portion of  nitrate  of  silver,  and  forms  a  white  precipitate;  thus  — 
Before  decomposition.  After  decomposition. 

Metaphosph.  (  Soda ^^Nitrate  of  soda 

of  soda        i  Phosphoric  acid      ^^ 
Nitrate   of     (Nitric  acid    .  •'^^'*\..^ 

silver         l  Oxide  of  silver ~:^Metaphosphate  of  silv. 

(Monobasic  phos.  silv.) 

If  acetate  or  nitrate  of  lead  be  substituted  for  nitrate  of  silver  in 
these  decompositions,  a  tribasic,  bibasic,  or  monobasic  salt  of  lead  is 
obtained  in  the  same  manner ;  and  these  salts,  again,  decomposed  by 
hydrosulphuric  acid  gas,  afford  respectively  the  terhydrate,  deutohy- 
drate,  and  protohydrate  of  phosphoric  acid.  The  statement  of  the 
decomposition  of  the  metaphosphate  of  lead  by  hydrosulphuric  acid 
will  be  sufficient  to  explain  how  a  hydrate  of  phosphoric  acid  comes  to 
be  formed  in  all  these  cases  : — 

Before  decomposition.  After  decomposition. 

Tir  X    T,      u  C  Phosphoric  acid ^  Metaphosph.  of  water 

SaT     i^'^yS"" ZZ7(Protohydr.ofphos.ac.) 

(^Lead ,y^ 

Hydrosulph.  J  Hydrogen    .  .  ./\.,^^ 

acid  ^Sulphur    .  ,  . —>- Sulphide  of  lead. 

It  will  be  observed  that  the  hydrosulphuric  acid  forms  1  equivalent 
of  water,  at  the  same  time  that  it  throws  down  the  sulphide  of  lead.  In 
this  phosphate  of  lead,  there  is  only  1  equivalent  of  oxide  of  lead, 
and  consequently  only  1  equivalent  of  water  is  formed;  but  if  there  were 
2  or  3  equivalents  of  oxide,  there  would  be  2  or  3  equivalents 
of  water  formed  and  conveyed  to  the  acid ;  or  the  phosphoric  acid  is 
always  left  in  combination  with  as  many  equivalents  of  water  as  it 
previously  possessed  of  oxide  of  lead.  Thus  the  different  hydrates  of 
phosphoric  acid  are  obtained  from  the  decomposition  of  the  corres- 
ponding phosphates  of  lead. 

In  no  decomposition  of  this  kind  is  there  any  transition  from  one 
class  of  phosphates  into  another,  because  the  decompositions  are 
always  mutual,  and  the  products  of  a  neutral  character.  Hence  an 
argument  for  retaining  the  trivial  names,  common  phosphates,  pyro- 
phosphates, and  metaphosphates,  for  there  is  no  changing,  in  decom- 
positions by  the  humid  way^  from  one  to  the  other,  and  the  salts 
comport  themselves  so  far  quite  as  if  they  had  different  acids.  The 
circumstances  may  now  be  noticed  in  which  a  transition  from  the  one 
class  to  the  other  does  occur- : — 
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1st. — Changes  without  the  intervention  of  a  high  temperature. 
When  solutions  of  the  metaphosphate  and  pyrophosphate  of  water  are 
warmed^  they  pass  gradually  into  the  state  of  common  phosphate, 
combining  with  an  additional  quantity  of  water ;  and  the  metaphos- 
phate of  water  appears  then  to  become  at  once  common  phosphate, 
without  passing  through  the  intermediate  state  of  hydration  of  the 
pyrophosphate.  The  metaphosphate  of  baryta  also,  which  is  an  in- 
soluble salt,  is  gradually  dissolved  in  boiling  water,  and  becomes 
common  phosphate  by  assuming  2  eq.  of  basic  water.  The  easy 
transition  from  the  one  class  of  phosphates  to  the  other,  then  wit- 
nessed, forbids  the  supposition  that  they  contain  different  acids,  or 
different  isomeric  modifications  of  phosphoric  acid.  Indeed,  it  might 
as  well  be  supposed  that  in  the  protoxide  and  sexqui-oxide  of  iron, 
the  metal  exists  in  different  isomeric  conditions,  because  these  oxides 
possess  peculiar  properties,  and  combine  in  different  proportions  with 
the  same  acid.  Iron  in  its  two  oxides  gives  rise  to  different  com- 
pounds, because  they  are  formed  by  substitution ;  and  phosphoric 
acid  in  its  three  hydrates  gives  rise  to  different  compounds,  from  the 
same  cause.  The  degree  of  oxidation  of  the  iron  and  the  degree  of 
hydration  of  the  acid  are  anterior  conditions,  due  to  the  special  unex- 
plained affinities  with  which  each  element  or  compound  is  invested. 
It  is  remarkable  that  pyrophosphates  of  potash  and  of  ammonia  exist 
in  solution,  and  perfectly  stable,  but  not  in  the  dry  state.  These 
salts  do  not  crystallize.  The  pyrophosphate  of  ammonia,  indeed,  when 
allowed  to  evaporate  spontaneously,  appears  to  crystallize,  but  in  the 
act  of  becoming  solid,  it  passes  into  common  phosphate  (the  biphos- 
phate  of  ammonia,  2H0.  NH4O+PO5). 

2d. — Changes  with  the  intervention  of  a  high  temperature.  If  a 
single  equivalent  of  phosphoric  acid,  anhydrous,  or  in  any  state  of 
hydration,  be  calcined  at  a  temperature  which  may  fall  short  of  a  red 
heat  (1°),  with  1  equivalent  of  soda  or  its  carbonate,  the  metaphos- 
phate of  soda  will  be  formed ;  (2°)  witli  2  equivalents  of  soda  or  its 
carbonate,  the  pyrophosphate  of  soda  will  be  formed ;  and  (3°)  with 
3  equivalents  of  soda  or  its  carbonate,  a  common  phosphate  of  soda 
will  be  formed.  Hence,  the  formation  of  none  of  these  classes  is 
peculiarly  the  effect  of  a  high  temperature.  Again,  a  tribasic  phos- 
phate, containing  one  or  two  equivalents  of  a  volatile  base,  such  as 
water  or  ammonia,  loses  the  volatile  base,  when  ignited,  and  the 
acid  remains  in  combination  with  the  fixed  base.  Hence,  common 
phosphate  of  soda  (H0.2NaO  +  PO5)  is  converted  by  heat  into  pyro- 
phosphate (2NaO  +  P05,)  the  original  observation  of  Dr.  Clark;  and 
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the  biphosphate  of  soda  (2HO.NaO  +  PO5)  into  metaphosphate  of 
soda  (NaO  +  POg).  The  acid  remains  in  combination  with  the  fixed 
base^  and  the  salt  produced  may  be  dissolved  in  water  without  as- 
suming basic  water. 

The  metaphosphate  of  soda  is  susceptible  of  a  remarkable  conver- 
sion, by  the  agency  of  a  certain  temperature,  and  exhibits  a  change 
of  nature,  without  a  change  of  composition,  such  as  often  occurs  in 
organic  compounds,  but  rarely  admits  of  so  satisfactory  an  explana- 
tion. This  particular  salt,  in  common  with  all  the  other  phosphates, 
combines  wdth  water,  which  becomes  attached  to  the  salt,  in  the  state  of 
constitutional  water,  or  water  of  crystallization.  The  metaphosphate 
of  soda,  so  hydrated,  when  dried  at  212°,  retains  1  equivalent  of  water, 
but  that  water  is  not  basic,  for,  on  dissolving  the  salt  again,  it  is 
found  stiU  to  be  a  metaphosphate.  But  let  this  hydrated  metaphos- 
phate be  heated  to  300°,  and  without  losing  anything,  it  changes 
completely,  and  becomes  a  pyrophosphate, — the  water  which  was  con- 
stitutional before,  being  now  basic.  The  formulse  of  the  salt  in  its 
two  states  exhibit  to  the  eye  the  nature  of  the  internal  change  which 
occurs  in  it : 

1. — Hydrated  metaphosphate  of  soda     .     NaO.POg  +  HO, 
2. — Pyrophosphate  of  soda  and  water     .     NaO.HO  +  POg. 

Phosphates  of  the  form  3MO-f2P05. — The  recent  investiga- 
tions of  Pleitmann  and  Henneberg  establish  the  existence  of  two 
new  classes  of  phosphates,  intermediate  between  the  monobasic  and 
bibasic  classes.  The  soda-salt  of  the  preceding  formula  is  produced 
by  fusing  together,  in  a  platinum  crucible,  100  parts  of  anhydrous 
pyrophosphate  of  soda  and  76.87  parts  of  metaphosphate  of  soda: 
the  white  crystalline  mass  which  results  is  reduced  to  powder,  and 
quickly  exhausted  with  water;  for,  on  long  digestion,  the  ordinary 
phosphates  are  obtained.  The  soda-salt  is  soluble  in  about  twice  its 
weight  of  cold  water,  and  has  a  faint  alkahne  reaction.  It  gives, 
by  precipitation  with  nitrate  of  silver  and  with  phosphate  of  magnesia, 
salts  corresponding  with  the  soda-salt,  and  which  have  not  the  pro- 
perties of  a  mixture  of  pyrophosphate  and  metaphosphate. 

Phosphates  of  the  form  6M0  +  SPOg.— The  soda-salt  was  ob- 
tained by  fusing  together  100  parts  by  weight  of  pyrophosphate  of 
soda  and  307.5  of  metaphosphate.  The  solution  is  by  no  means 
stable,  but  gives,  when  freshly  prepared,  a  precipitate  in  nitrate  of 
silver,  which  is  readily  soluble  in  excess  of  the  soda-salt,  and  pos- 
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sesses  the  composition^  when  fused,  of  eAgO  +  SPOg.  (Liebig's 
Annalen,  Ixv.  304.) 

Modifications  of  metaiihosplwric  acid. — The  metaphosphates 
already  described  are  prepared  from  the  monobasic  phosphate  of  soda 
in  the  vitreous  condition ;  this  phosphate,  when  cooled  immediately 
from  a  state  of  fusion,  remaining  a  transparent,  colourless  glass.  But 
if  this  glassy  phosphate  be  cooled  very  slowly,  a  beautiful  crystalline 
mass  is  obtained.  On  dissolving  it  in  a  small  quantity  of  hot  water, 
the  liquid  divides  into  two  strata,  the  more  considerable  one  containing 
the  crystalline  salt,  and  the  other  a  portion  of  unaltered  metaphosphate 
of  soda.  The  vitreous  inetaj^hosphate,  and  all  the  salts  derived 
from  it,  are  remarkable  for  not  crystallizing,  but  form  Hquid  or  semi- 
liquid  viscid  hydrates.  But  the  crystalline  metajjhosjjhate  of  soda 
is  described  as  giving  beautiful  crystals  of  the  trichnometric  system, 
containing  water  of  crystallization.  Its  solution  is  neutral,  and  has 
a  cooling,  pure,  saline  taste,  while  the  vitreous  metaphosphate  of  soda 
is  insipid.  It  is  rapidly  converted  into  the  acid  common  phosphate 
by  boiling.  The  corresponding  silver-salt  is  obtained  by  adding 
nitrate  of  .silver  to  a  tolerably  concentrated  solution  of  the  soda- 
salt.  It  is  white,  crystalline,  and  is  represented  by  the  formula 
3(AgO.P05)  +  2HO. 

Phosphates  were  obtained  by  Mr.  Maddrell,  by  adding  the  solution 
of  sulphates  of  magnesia,  nickel,  copper,  soda,  lime,  baryta,  alumina, 
to  an  excess  of  phosphoric  acid,  evaporating,  to  expel  the  sulphuric 
acid,  and  heating  to  upwards  of  600° ;  in  the  form  of  a  crystalline 
granular  substance,  wliich  were  all  monobasic.  They  are  all  anhy- 
drous, insoluble  in  water  and  diluted  acids,  but  generally  decom- 
posed by  concentrated  sulphuric  acid,  and  appear  to  form  a  class  of 
metaphosphates  different  from  the  preceding  two.  The  magnesian 
metaphosphates  of  this  class  have  a  disposition  to  combine  with  the 
corresponding  soda-salt,  when  any  of  that  base  is  present  in  the 
phosphoric  acid  with  which  they  are  ignited.  The  double  salt  of 
magnesia  and  soda  is  represented  by  3(MgO.P05) +NaO.P05; 
that  of  nickel  and  soda,  by  6(NiO.P05)-h]N'aO.P05).  (Mem. 
Chem.  Soc.  iii.  273.) 

The  only  explanation  which  can  be  offered  of  these  modifica- 
tions of  the  metaphosphoric  acid,  is,  that  they  are  of  a  polymeric 
character;  such  as  MO.PO5 ;  2MO.2PO5;  3MO.3PO5,  or  perhaps 
even  liigher  multiples  of  MO.PO5.  No  data,  however,  appear  to  exist 
by  wliich  a  place  in  this  polymeric  series  can  be  ascribed  to  the  re- 
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spective  modifications  with  any  degree  of  certainty.  MM.  Fleitmann 
and  Henneberg,  who  have  lately  investigated  the  subject  with  mucli 
ability,  are  disposed  to  represent  metaphosphoric  acid  by  6MO.6PO5; 
and  certainly  with  this  proportion  of  base  constant  and  the  phosphoric 
acid  variable,  the  other  classes  may  be  consistently  represented  : — 

Common  Phosphate         -         -  6MO  +  2PO5 

Pyrophosphate         -         -         -  6MO  +  3PO5 

Pleitmann  and  Henneberg's  new  J  6MO  +  4PO5 

phosphates      -         -         -I  6MO  +  5PO5 

Metaphosphate        -         -         -  6MO  +  6PO5. 

The  different  classes  of  phosphates  are  thus  represented  as  all 
sex-basic  salts,  with  a  different  polymeric  acid  in  each,  PgOiQ,  P3O15, 
&c.  But  this  theory  does  not  embrace  the  modifications  of  meta- 
phosphoric acid,  nor  will  it  serve  to  represent  several  known  double 
phosphates;  such,  for  instance,  as  the  double  pyrophosphate  of 
copper  and  soda,  3  (2NaO.P05)  +  aCuO.POg. 

Analysis  of  phosphoric  acid  and  of  the  phosphates. — Phos- 
phoric acid  is  produced  when  the  pentachloride  of  phosphorus  is 
thrown  into  water : — 

PClsand  5H0  =  PO5  and  5HC1. 

It  may  be  inferred  with  certainty  from  this  decomposition,  that 
phosphoric  acid  contains  5  equivalents  of  oxygen,  in  the  same  manner 
as  the  composition  of  phosphorous  acid  is  deduced  from  the  decom- 
position of  the  terchloride  of  phosphorus  by  water  (page  438).  The 
affiinity  of  phosphoric  acid  for  water  is  very  intense,  the  anhydrous 
phosphoric  acid  taking  water  even  from  oil  of  vitriol  and  eliminating 
anhydrous  sulphuric  acid,  at  a  high  temperature.  As  hydrated  phos- 
phoric acid  cannot  be  made  anhydrous  by  heat,  the  proportion  of  dry 
acid  in  a  solution  of  the  free  acid  is  determined  by  adding  a  known 
weight  of  oxide  of  lead,  evaporating  to  dryness,  and  heating  the  resi- 
due, as  in  the  case  of  sulphuric  acid.  The  phosphate  of  lead  formed 
being  anhydrous,  the  increase  of  weight  which  the  oxide  of  lead  sus- 
tains represents  exactly  the  weight  of  dry  phosphoric  acid. 

In  determining  the  proportion  of  phosphoric  acid  in  a  salt  of  an 
alkaHne  or  earthy  base,  the  acid,  if  not  already  in  the  tribasic  form,  is 
first  brought  to  that  condition  by  boiHng  with  a  little  nitric  acid. 
1.  The  excess  of  nitric  acid  being  then  neutralized  by  ammonia,  the 
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phosphate  is  again  dissolved  iu  acetic  acid.  If  the  solution  contains 
no  sulphuric  acid  nor  chlorine,  the  phosphoric  acid  may  be  entirely 
separated  by  the  addition  of  nitrate  of  lead,  in  the  form  of  an  inso- 
luble phosphate  of  lead,  2PbO.HO.PO5,  which  washes  easily,  and 
loses  water  and  becomes  pyrophosphate  2PbO.P05,  when  calcined 
(Heintz).  This  method  is  based  upon  the  insolubihty  of  phosphate 
of  lead  in  acetic  acid.  2.  Phosphoric  acid  may  also  be  thrown  down 
from  the  solution  of  an  alkaHne  phosphate,  by  adding  first  carbonate 
or  hydrochlorate  of  ammonia  and  then  sulphate  of  magnesia,  when, 
upon  stirring  the  phosphate  of  magnesia  and  ammonia, 

2MgO.NH4O.PO5  +  12H0, 

falls  as  a  granukr  precipitate.  This  phosphate  must  be  precipitated 
in  an  alkaline  solution,  and  washed  with  water  containing  hydrochlo- 
rate of  ammonia,  as  it  is  very  soluble  in  acids,  and  even  soluble  in  a 
sensible  degree  in  pure  water.  When  ignited  it  loses  its  volatile  con- 
stituents, and  remains  pyrophosphate  of  magnesia,  2MgO.P05.  3. 
The  phosphoric  acid  not  being  in  combination  with  a  base  which 
yields  a  phosphate  insoluble  in  acetic  acid,  an  addition  is  made  to  the 
liquid,  which  may  be  acid,  of  an  excess  of  the  acetate  of  the  sesqui- 
oxide  of  iron.  The  phosphate  of  sesqui-oxide  of  iron,  Pe203.P05, 
immediately  separates  as  a  slightly  reddish  yellow  flaky  precipitate, 
which  is  collected  and  washed  upon  a  filter.  This  phosphate  is  dis- 
solved off  the  filter  by  a  few  drops  of  hydrocliloric  acid,  then  the  salt 
of  iron  reduced  to  the  state  of  protoxide  by  boiling  it  with  sulphite  of 
soda,  and  afterwards  the  quantity  of  iron  ascertained  by  finding  how 
much  of  a  solution  of  permanganate  of  potash  of  known  composition 
is  required  to  peroxidize  the  iron.  The  phosphate  of  iron  being  of 
known  composition,  the  quantity  of  phosphoric  acid  is  calculated 
from  the  iron,  2  eqs.  of  that  metal  being  present  in  the  phosphate  for 
1  eq.  of  phosphoric  acid  or  of  phosphorus ;  that  is,  700  parts  iron  re- 
presenting 900  parts  phosphoric  acid  (Eaewsky  and  Marguerite). 
The  acetate  of  sesqui-oxide  of  iron,  which  is  not  permanent,  is  best 
prepared  extemporaneously  from  solutions  of  iOO  parts  of  iron-alum 
and  of  98  parts  of  acetate  of  soda  in  equal  quantities  of  water,  of 
which  equal  volumes  are  mixed  at  the  moment  the  acetate  of  iron  is 
required. 
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In  describing  the  various  classes  of  phosphates,  with  their  rela- 
tions to  each  other,  I  have  been  thus  minute,  partly  because  consi- 
derable explanatory  detail  was  required,  from  the  extent  of  the 
subject,  but  principally  for  the  sake  of  the  light  which  the  phos- 
phates throw  upon  the  constitution  of  the  class  of  organic  acids, 
and  upon  the  function  of  water  in  many  compounds.  Indeed,  phos- 
phoric acid  is  one  of  the  Hnks  by  which  mineral  and  organic  com- 
pounds are  coimected.  And  it  may  be  reasonably  supposed  that  it 
is  that  pliancy  of  constitution  which  peculiarly  adapts  the  phosphoric, 
above  all  other  mineral  acids,  to  the  wants  of  the  animal  economy. 
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Solid  hydride  of  phosphorus  y  P2H. — Magnus  formed  a  phosphide 
of  potassium  by  fusing  phosphorus  and  potassium  under  naphtha. 
When  this  compound  is  thrown  into  water,  a  compound  of  phosphorus 
and  hydrogen  precipitates  in  the  form  of  a  yellow  powder.  The  solid 
hydride  of  phosphorus  becomes  red  when  exposed  to  light ;  it  does 
not  sliine  in  the  dark,  nor  take  fire  below  320°  (160°  C.)  It  is  in- 
soluble in  water  and  alcohol,  and  is  decomposed  by  alkahes,  with  the 
formation  of  oxide  of  phosphorus,  free  hydrogen,  gaseous  phosphuretted 
hydrogen,  and  a  hypophosphite. 

Phosjihiiretted  hydrogen  gas  ;  eq.  19  or  237.5  ;  PHg. — ^This 
gas,  wliich  is  remarkable  for  its  occasional  spontaneous  inflammability 
in  air,  was  discovered  by  Gengembre  in  1783,  and  has  been  succes- 
sively investigated  by  several  chemists.  Its  true  nature  was  first 
ascertained  by  Eose,  who  proved  it  to  be  a  compound  having  the 
same  proportion  of  bydrogen  as  ammoniacal  gas,  with  phosphorus  in 
the  place  of  nitrogen.  The  pure  gas  is  obtained  by  heating  hydrated 
phosphorous  acid,  which  is  resolved  into  phosphuretted  hydrogen  and 
hydrated  phosphoric  acid  :  thus — 

4(3HO  +  P03)  or  12H0  and  4P03=PH3  and  9HO  +  3PO5. 

The  gas  so  prepared  does  not  inflame  spontaneously  when  allowed 
to  escape  into  air,  but  kindles  when  a  light  is  applied  to  it,  and  burns 
with  the  white  flame  of  phosphorus.  A  little  air  added  to  the  gas, 
which  had  no  effect  at  first,  has  been  observed  to  produce  occasionally 
an  explosion  after  a  time.  The  gas  consists  of  1  volume  of  phosphorus 
vapour  and  6  volumes  of  hydrogen,  condensed  into  4  volumes,   so 
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that  it  has  the  same  combining  measure  as  ammoniacal  gas.  Its 
density  is  1185.  Phosphuretted  hydrogen  has  a  disagreeable  alha- 
ceous  odour,  is  but  sKghtly  soluble  in  water,  and  has  no  alkaline 
reaction. 

The  same  gas,  in  a  self-inflammable  state,  is  obtained  by  boiling 
phosphorus  with  water  and  an  excess  of  lime,  or  in  a  strong  solution 
of  caustic  potash,  in  the  flask  A  (fig.  140),  at  the  water-trough  B. 
The  first  effect  is  the  formation  of  hypophospliite  of  lime,  with  the 
evolution  of  phosphuretted  hydrogen  gas  : 

4P  and  3CaO  and  3HO=PH3  and  3CaO  +  3PO. 

Phosphuretted  hydrogen  is  again  evolved,  but  mixed  with  a  con- 
siderable quantity  of  free  hydrogen,  when  the  hydrated  hypophosphite 
of  lime  is  evaporated  to  dryness,  phosphate  of  lime  being  the  residuary 
product. 

Fig.  140. 


Each  bubble  of  gas  on  escaping  into  air  takes  fire,  and  produces 
a  beautiful  white  wreath  of  smoke,  consisting  of  phosphoric  acid. 
The  spontaneous  inflammability  is  due  to  the  presence  of  a  small 
quantity  of  the  vapour  of  a  liquid  compound  of  phosphorus  and 
hydrogen,  and  was  first  explained  by  M.  P.  Thenard. 

Phosphuretted  hydrogen  decomposes  some  metalHc  solutions,  such 
as  those  of  copper  and  mercury,  and  forms  metalHc  phosphides. 
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When  tlie  gas  is  pure,  it  is  entirely  absorbed  by  sulphate  of  copper 
and  by  chloride  of  lime.  With  hydriodic  acid,  phosphuretted 
hydrogen  forms  a  crystalline  compound,  which  is  interesting  from  its 
analogy  to  sal  ammoniac.  It  may  be  prepared  by  mixing  together 
its  constituent  gases  over  mercury ;  or  more  easily  by  introducing 
into  a  small  tubulated  retort  60  parts  of  dry  iodine  with  15  of 
phosphorus  finely  granulated,  and  mixing  these  bodies  intimately 
with  pounded  glass ;  8  or  9  parts  of  water  are  then  added  to  the 
mixture,  and  the  vapours  which  immediately  come  off  are  allowed  to 
escape  by  a  glass  tube  open  at  both  ends,  adapted  to  the  beak  of  the 
retort,  in  which  beautiful  small  crystals  of  the  salt  condense,  of  a  dia- 
mond lustre.  Eose  observed  that  these  crystals  do  not  belong  to  the 
Regular  System,  and  are,  therefore,  not  isomorphous  with  sal  am- 
moniac. They  are  decomposed  by  water,  with  evolution  of  phos- 
phuretted hydrogen. 

Phosphuretted  hydrogen  combines  also,  like  ammonia,  with 
the  perchlorides  of  tin,  titanium,  chromium,  iron,  and  antimony, 
forming  wliite  saline  bodies.  The  combination  with  bichloride 
of  tin  is  decomposed,  with  escape  of  the  gas  in  the  non-inflammable 
state,  by  water,  and  in  the  spontaneously  inflammable  condition  by 
solution  of  ammonia. 

Liquid  hydride  of  j)hosj)horuSj  PHg. — This  substance,  which 
was  discovered  by  M.  Paul  Thenard,  is  obtained  by  exposing  the 
phosphuretted  hydrogen  gas,  evolved  by  the  action  of  water,  at  140° 
(60°  C.)  on  the  phosphide  of  calcium  CagP,  to  a  freezing  mixture 
in  a  condensing  tube.  It  is  a  colourless  liquid,  of  high  refracting 
power,  which  does  not  freeze  at  — 4°  (—20°  C),  but  which  a  tem- 
perature of  +86°  (30°  C.)  is  sufficient  to  decompose.  It  is  resolved 
under  the  influence  of  hght  into  the  gaseous  and  solid  hydrides  of 
phosphorus.  The  same  decomposition  is  produced  by  contact  with 
very  different  substances,  such  as  alcohol,  oil  of  turpentine,  hydro- 
chloric acid,  and  many  pulverulent  matters. 

This  compound  is  one  of  the  most  inflammable  substances  known, 
taking  fire  spontaneously  in  air,  and  burning  with  a  dazzling  flame. 
The  most  minute  trace  of  its  vapour,  diffusing  into  the  different 
combustible  gases,  such  as  hydrogen,  carbonic  oxide,  cyanogen,  de- 
fiant gas,  &c.,  communicates  to  them,  as  it  does  to  phosphuretted 
hydrogen,  the  property  of  inflaming  spontaneously  in  air  or  oxygen"*^. 

*  P.  Thenard,  Annales  de  Chemie,  Sine.  ser.  xiv.  5. 
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Both  chlorides  of  phosphorus  absorb  ammoniacal  gas,  and  form 
solid  wliite  compounds.  The  combination  of  the  terchloride  contains 
2  J  equivalents  of  ammonia,  but  that  of  the  perchloride,  was  not 
found  equally  definite.  When  exposed  to  a  strong  red  heat,  without 
access  of  oxygen,  these  compounds  leave  a  white  amorphous  body, 
which  was  suj)posed  to  be  a  nitride  of  phosphorus,  PN2*-  -^^  ^^ 
most  easily  prepared  by  transmitting  a  stream  of  dry  carbonic  acid 
gas  over  the  ammoniacal  compound,  in  a  tube  of  hard  glass,  heated 
by  a  charcoal  fire,  so  long  as  vapours  of  sal  ammoniac  sublime. 

This  substance,  which  is  remarkable  for  its  fixity,  is  not  soluble  in 
any  menstrumn,  nor  acted  upon  by  dilute  acid  or  alkaline  solutions. 
It  is  not  afl*ected  even  when  heated  in  an  atmosphere  of  chlorine  or 
sulphur,  but  is  decomposed  when  heated  in  hydrogen  gas,  with  the 
formation  of  ammonia. 

According  to  M.  Gerhardt,  the  pentachloride  of  phosphorus  ab- 
sorbs ammonia,  with  the  evolution  of  some  hydrochloric  acid,  and  the 
formation  of  a  compound  PCl3.(NH2)2.  The  nitride  of  phosphorus 
also  contains  hydrogen,  and  ought  to  be  represented  by  the  formula 
PNgH :  its  formation  from  the  perchloride  of  phosphorus  and  am- 
monia taking  place  according  to  the  equation  : — 

PCI5  and  2H3N=5HC1  and  PN2H. 

This  compound,  PNg^^^  which  is  named  Phospham  by  Gerhardt, 
is  decomposed  by  fusion  with  hydrate  of  potash,  and  converted  into 
ammonia,  and  the  ordinary  phosphate  of  potash.  At  a  high  tem- 
perature water  acts  upon  phospham,  giving  rise  to  ammonia  and 
phosphoric  acid. 

PHOSPHORUS  AND  SULPHUR. SULPHIDES  OF  PHOSPHORUS. 

Phosphorus  and  sulphur  combine  in  all  proportions,  with  the 
evolution  of  much  heat,  and  sometimes  with  explosion.  These 
elements  most  safely  unite  under  hot  water,  of  which  the  temperature, 
however,  must  not  exceed  160°;  for  othervrise  hydrosulphuric  and 
phosphoric  acids  may  be  produced  with  such  rapidity  as  to  occasion 
an  explosion.     The  compounds  obtained  in  this  manner  are  of  a  pale 

*  Rose  :  Annales  de  Chim.  et  de  Phys.  liv.  275. 
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yellow  colour, — more  fusible  and  more  inflammable  than  phosphorus 
itself.  They  were  supposed  to  be  indefinite  in  composition ;  but 
Berzelius  has  shown  that  they  form  a  series  of  sulphides  of  phos- 
phorus corresponding  in  composition  with  the  oxides,  with  one 
sulphide  additional.     They  are  represented  by  the  formulae — 

Subsulphide,  P2S  .  .  corresponding  with  Oxide  of  Phosphorus,  PgO. 
Protosulphide,  PS .  .  ''         "  HypophosphorousAcid,PO. 

Tersulphide,  PS3   .  .  "         "  Phosphorous  Acid,  PO3. 

Pentasulphide,  PS5  .  ''         "  Phosphoric  Acid,  PO5. 

Persulphide,  PSjj  •  •  without  an  oxygen  analogue. 

These  compounds  may  all  be  formed  directly  by  fusing  sulphur  and 
phosphorus  together  in  the  requisite  proportions,  and  are  generally 
crystallizable.  The  tersulphide  was  originally  obtained  by  Serullas 
by  the  action  of  hydrosulphuric  acid  upon  the  terchloride  of  phos- 
phorus. They  are  insoluble  in  water,  alcohol,  or  ether ;  but  com- 
bine readily  with  alkaHne  sulphides,  and  form  series  of  sulphur-salts 
corresponding  with  the  hypophospliites,  phosphites,  and  phosphates. 
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Eq.  35.5  or  443.75  ;  CI;  density  2440; 


This  substance  was  discovered  by  Scheele  in  1774,  but  was  be- 
lieved to  be  of  a  compound  nature,  till  Gay-Lussac  and  Thenard,  in 
1809,  shewed  that  it  might  reasonably  be  considered  a  simple  sub- 
stance. It  is  to  the  powerful  advocacy  of  Davy,  however,  who 
entered  upon  the  investigation  shortly  afterwards,  that  the  estabhsh- 
ment  of  the  elementary  character  of  chlorine  is  principally  due,  and 
to  him  it  is  indebted  for  the  name  it  now  bears,  which  is  derived 
from  x^t^poc,  yellowish-green,  and  refers  to  its  colour  as  a  gas,  ele- 
mentary bodies  being  generally  named  from  some  remarkable  quahty 
or  important  circumstance  in  their  liistory.  Chlorine  is  the  leading 
member  of  a  well-marked  natural  family,  to  which  also  bromine, 
iodine,  and  fluorine  belong.  Phosphorus,  carbon,  hydrogen,  sulphur, 
and  most  of  the  preceding  elementary  bodies,  have  little  or  no  action 
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upon  each  other^  or  upon  the  mass  of  hydrogenous,  carbonaceous, 
and  metallic  bodies  to  which  they  are  exposed  in  the  material  world ; 
all  these  substances  being  too  similar  in  nature  to  have  much  affi- 
nity for  each  other.  But  the  class  to  which  chlorine  belongs  ranks 
apart,  and,  with  a  mutual  indifference  to  each  other,  they  exhibit 
an  intense  affinity  for  the  members  of  the  other  great  and  prevailing 
class — an  affinity  so  general  as  to  give  the  chlorine  family  the  cha- 
racter of  extraordinary  chemical  activity,  and  to  preclude  the  possi- 
bility of  any  member  of  the  class  existing  in  a  free  and  uncombined 
state  in  nature.  The  compounds,  again,  of  the  chlorine  class,  with 
the  exception  of  those  of  fluorine,  are  remarkable  for  solubihty,  and 
consequently  find  a  place  among  the  saline  constituents  of  sea  water, 
and  are  of  comparatively  rare  occurrence  in  the  mineral  kingdom ; 
with  the  single  exception  of  cliloride  of  sodium,  which,  besides  being 
present  in  large  quantity  in  sea  water,  forms  extensive  beds  of  rock 
salt  in  certain  geological  formations. 

Preparation. — The  fuming  hydrochloric  acid  or  muriatic  acid  (as 
it  is  also  called)  of  commerce,  is  a  solution  in  water  of  hydrochloric 
gas,  a  compound  of  chlorine  and  hydrogen,  from  which  chlorine  gas 
is  easily  procured.  The  liberation  of  chlorine  results  from  contact 
of  the  acid  named  with  binoxide  of  manganese,  and  the  reaction 
which  then  occurs  is  made  most  obvious  in  the  following  mode  of 
conducting  the  experiment : — A  few  ounces  of  the  strongly  fuming 
hydrochloric  acid  are  introduced  into  a  flask  a  (fig.  141),  with  a 


Fig.  141. 
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perforated  cork  and  tube  b,  upon  which  a  bulb  or  two  have  been 
expanded ;  and  that  tube  is  connected,  by  means  of  a  short  caoutchouc 
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tube,  with  the  drying  tube  Cy  containing  fragments  of  chloride  of  cal- 
cium_,  and  the  last  is  connected  in  a  similar  manner  with  the  exit 
tube  d,  which  descends  to  the  bottom  of  a  dry  and  empty  bottle  e» 
Upon  applying  the  spirit  lamp  to  a,  the  liquid  in  the  flask  soon 
begins  to  boil,  and  the  hydrocliloric  gas  passes  off,  depositing,  per- 
haps, a  little  moisture  in  the  bulbs  of  hj  which  may  be  kept  cool  by 
wet  blotting  paper,  and  being  completely  dried  in  passing  through  c. 
It  is  conveyed  by  o?  to  the  bottom  of  the  bottle  e,  and  finally  escapes 
and  produces  white  fumes  in  the  atmosphere,  after  displaciug  the  air 
of  that  bottle.  The  hydrochloric  gas  is  obtained  in  e  unchanged, 
and  will  redden  and  not  bleach  a  little  blue  infusion  of  htmus  poured 
into  e.  But  between  the  tube  c  and  d,  let  another  tube  be  now  inter- 
posed having  a  pair  of  bulbs  blown  upon  it/ and  y  (fig.  142),  one  of 

Fig.  142. 
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which/ contains  a  quantity  of  pounded  anhydrous  binoxide  of  man- 
ganese ;  the  bottle  e  remaining  as  before.  Then,  upon  applying  heat 
to  the  manganese  bulb/  the  hydrocliloric  gas  will  be  found  to  suffer 
decomposition  as  it  traverses  that  bulb,  its  hydrogen  unitiug  with  the 
oxygen  of  the  manganese,  and  forming  water,  which  will  condense  in 
drops  in  ^,  and  disengaged  chlorine  proceeds  on  to  <?,  in  which  that 
gas  will  be  perceptible  from  its  yellow  tint,  and  more  so  by  bleaching 
the  infusion  of  reddened  litmus  remaining  in  e.  If  the  transmission 
of  hydrochloric  acid  over  the  binoxide  of  manganese  be  continued  for 
sufficient  time,  the  latter  loses  all  its  oxygen,  and  the  metal  remains 
in  the  state  of  protochloride.  Indeed,  only  one  half  of  the  chlorine  of 
the  decomposed  hydrochloric  gas  is  obtained  as  gas,  the  other  half 
being  retained  by  the  manganese,  as  will  appear  by  the  follo\\ing 
diagram : — 
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PROCESS  FOR  CHLORINE  FROM  HYDROCHLORIC  ACID  AND  BINOXIDE  OF 

MANGANESE. 


Before  decomposition. 

Hydrochloric      j  Chlorine  .  . 
acid  i  Hydrogen  . 

Binoxideofman-(0/yS<='^  •  • 

<  Mans^anese 
e^anese  ;  ^     ^ 

°  (^(Jxygen   .   . 

Hydrochloric       c  Chlorine  .  . 

acid  (Hydrogen  . 


After  decomposition. 
•Chlorine. 
.Water. 


Chloride  of  manganese. 


Water. 


Or  in  symbols  :  Mn02  +  2HC1  =  MnCl  and  2H0  and  CI. 

The  most  convenient  method  of  preparing   chlorine  gas  is  by 
mixing  in  a  flask  A  (fig.  143),  1  part  of  binoxide  of  manganese  with 

Fig.  143. 


4  parts  of  hydrochloric  acid,  diluted  with  1  of  water.  Effervescence, 
from  escape  of  gas,  takes  place  in  the  cold,  but  is  greatly  promoted 
by  the  application  of  a  gentle  heat.  The  gas  is  collected  in  C  over 
water,  of  which  the  temperature  should  not  be  less  than  80°  or  90°; 
otherwise  a  great  waste  of  the  gas  occurs  from  its  solution  in  the 
water,  and  also  a  consequent  annoyance  to  the  operator  from  the 
escape  of  the  chlorine  into  the  atmosphere,  by  evaporation  from  the 
surface  of  the  water-trough.  If  the  gas  is  not  to  be  used  immediately, 
but  preserved,  it  should  be  collected  in  bottles,  into  which,  when 
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filled  with  the  gas^  their  stoppers  greased  should  be  inserted  before 
they  are  removed  from  the  trough.  Before  the  gas  obtained  by  tliis 
process  can  be  considered  as  pure,  it  should  be  transmitted  through 
water  in  a  wash-bottle  B,  to  remove  hydrocliloric  acid.  If  the  gas  is 
to  be  dried,  it  must  be  sent  through  a  tube  containing  cliloride 
of  calcium,  of  two  or  three  feet  in  length,  some  difficulty  being  expe- 
rienced in  drying  this  gas  in  a  perfect  manner,  owing  to  its  low 
difl*usive  power.  Clilorine  cannot  be  collected  over  mercury,  as  it 
combines  at  once  with  that  metal. 

A  somewhat  different  process  for  the  preparation  of  chlorine  is 
generally  followed  on  the  large  scale.  About  6  parts  of  manganese 
with  8  of  common  salt  are  introduced  into  a  large  leaden  vessel,  of  a 
form  nearly  globular,  as  represented  (fig.  143),  and  5  or  6  feet  in 
diameter,  and  to  these  is  added  as  much  of  the  unconcentrated  sul- 
phuric acid  of  the  leaden  chambers  as  is  equivalent  to  13  parts  of 
oil  of  vitriol.  The  leaden  vessel  is  placed  in  an  iron  pan,  or  has  an 
outer  casing,  d  e  (fig.  144) ;  and  to  heat  the  materials,  steam  is  ad- 
FiG.  144.  mitted  by  d  into  the  space  between  the 

bottom  and  outer  casing.  In  the 
figure,  which  is  a  section  of  the  leaden 
retort,  a  represents  the  tube  by  which 
the  chlorine  escapes,  h  a  large  opening 
for  introducing  the  soHd  material  co- 
vered by  a  lid  or  water  valve,  its  edges 
dipping  into  a  channel  containing  water, 
c  a  twisted  leaden  funnel  for  intro- 
ducing the  acid, /a  wooden  agitator,  and 
e  a  discharge  tube,  by  which  the  waste 
materials  are  run  off  after  the  process  is  finished.  A  retort  of  lead 
cannot  be  used  with  safety  with  binoxide  of  manganese  and  hydro- 
chloric acid  for  chlorine,  owing  to  the  action  of  the  acid  upon  the 
lead,  and  the  evolution  of  hydrogen  gas  (which  produces  a  spon- 
taneously-explosive mixture  with  chlorine),  or,  it  is  said,  of  euclilorine. 
In  the  reaction  which  occurs  in  the  leaden  retort,  it  may  be  supposed 
either  that  hydrochloric  acid  is  first  liberated  from  chloride  of  sodium 
by  sulphuric  acid,  and  afterwards  decomposed  by  binoxide  of  man- 
ganese, as  in  the  preceding  experiment;  or  that  sulphates  of  man- 
ganese and  soda  are  simultaneously  formed,  and  cldorine  liberated  in 
consequence,  as  stated  in  the  following  diagram,  in  which  the  names 
express  (as  usual)  single  equivalents  : — 
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PROCESS  FOR  CHLORINE  FROM  CHLORIDE  OF  SODIUM  (COMMON 
SALT)^  BINOXIDE  of  MANGANESE,  AND  SULPHURIC  ACID 

Before  decomposition.  After  decomposition. 

Chloride  of        f  Chlorine Chlorine. 

sodium  I  Sodium ^.^^^^^ 

Sulphuric  acid.  .Sulphuric  acid  — _I^^^;^ Sulphate  of  soda. 
Binoxide  of       f  Oxygen — ^ 

manganese     (Protox.  mangan.-^____^ 
Sulphuric  acid.  .Sulphuric  acid ^~~^    ^^ — -  Sulph.  of  manganese. 

Or  in  symbols : 

NaCl  and  2SO3  and  Mn02=NaO.S03  and  MnO.SOg  and  CI. 

A  new  manufacturing  process  for  chlorine  has  lately  been  applied 
by  Mr.  C.  Tennant  Dunlop,  in  which  the  use  of  binoxide  of  man- 
ganese is  superseded  by  nitric  acid.  One  equivalent  of  nitric  acid  is 
found  to  communicate  two  equivalents  of  oxygen  to  the  hydrochloric 
acid,  and  thus  evolve  two  equivalents  of  chlorine.  The  decomposed 
nitric  acid  is  evolved  in  the  form  of  nitrous  acid  vapour  NO3,  and  it 
is  an  essential  part  of  the  process  to  absorb  that  vapour  by  means  of 
siolphuric  acid,  and  to  introduce  the  nitrous  acid  in  this  form  into 
the  leaden  chamber. 

Projwrties. — Chlorine  is  a  dense  gas  of  a  pale  yellow  colour, 
having  a  pecuHar  suffocating  odour,  absolutely  intolerable  even  when 
largely  diluted  with  air,  and  occasioning  great  irritation  in  the  trachea, 
with  coughing  and  oppression  of  the  chest.  Some  relief  from  these 
effects  is  experienced  from  the  inhalation  of  the  vapour  of  ether  or 
alcohol.  The  density  of  chlorine  gas  is,  by  experiment,  2470 — by 
theory,  2440.  Under  a  pressure  of  about  4  atmospheres,  chlorine 
condenses  into  a  limpid  liquid  of  a  bright  yellow  colour,  of  sp.  gr. 
about  1-33,  and  which  has  not  been  frozen.  Water  at  60°  dissolves 
twice  its  volume  of  this  gas,  and  acquires  the  yellowish  colour,  odour, 
and  other  properties  of  chlorine.  To  form  clilorine-water,  a  stout 
bottle  filled  with  the  gas  at  the  water-trough,  may  be  closed  with 
a  good  cork,  and  removed  to  a  basin  of  cold  water  :  on  loosening  the 
cork  with  the  mouth  of  the  bottle  under  water,  a  little  water  will 
enter  it,  from  the  contraction  of  the  gas  by  cooling ;  and  tliis  water 
may  be  agitated  in  contact  with  the  gas  by  a  lateral  movement  of 
the  bottle  without  removing  it  from  the  water ;  on  loosening  the 
cork  again,  more  water  will  be  found  to  enter  the  bottle,  and  by  re- 
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peating  the  agitation  and  admission  of  water,  the  whole  gas  (if  pure) 
is  absorbed,  and  the  bottle  is  in  the  end  filled  with  water,  which  of 
course  contains  an  equal  volume  of  clilorine  gas.  With  water  near 
its  freezing  point,  chlorine  combines  and  forms  a  crystalhne  hydrate, 
which  Paraday  found  to  contain  10  eqs.  of  water.  Hence  cldorine 
gas  cannot  be  collected  at  all  over  water  below  40°.  Exposed  to 
light,  chlorine  water  soon  loses  its  properties,  water  being  decomposed 
and  hydrochloric  acid  formed,  with  the  evolution  of  oxygen  gas.  But 
it  may  be  preserved  for  a  long  time  in  an  opaque  bottle  properly 
closed.  When  diluted  so  far  that  the  water  does  not  contain  above 
1  or  1|-  per  cent,  of  its  bulk  of  chlorine,  the  odour  is  by  no  means 
strong,  and  such  a  solution  may  be  employed  in  bleaching  without 
inconvenience  to  the  workmen,  although  a  combination  of  chlorine 
with  hydrate  of  Hme,  called  the  chloride  of  lime,  is  generally  pre- 
ferred for  that  purpose. 

Chlorine  does  not  in  any  circumstances  unite  directly  with  oxygen, 
although  several  compounds  of  these  elements  can  be  formed ;  nor 
is  it  known  to  combine  directly  with  nitrogen  or  carbon.  Clilorine 
and  hydrogen  gases  may  be  mixed  and  preserved  in  the  dark  without 
uniting,  but  combination  is  determined  with  explosion  by  spongy 
platinum  or  the  electric  spark,  or  by  exposure  to  the  direct  rays  of 
the  sun ;  even  under  the  diffuse  light  of  day,  combination  of  the 
gases  takes  place  rapidly,  but  without  explosion.  Clilorine,  indeed, 
has  a  strong  affinity  for  hydrogen,  and  decomposes  most  bodies  con- 
taining that  element,  hydrochloric  acid  being  always  formed.  In 
plunging  an  ignited  taper  into  chlorine  gas,  its  flame  is  extinguished, 
but  the  column  of  oily  vapour  rising  from  the  wick  is  rekindled  by 
the  chlorine,  and  the  hydrogenous  part  of  the  combustible  continues 
to  burn  with  a  red  and  smoky  flame,  which  expires  on  removing  the 
taper  into  air.  Paper  dipped  in  oil  of  turpentine  takes  fire  spon- 
taneously in  this  gas,  and  the  oil  burns,  with  the  deposition  of  a  large 
quantity  of  carbon.  The  affinity  of  chlorine  for  most  metals  is 
equally  great:  antimony,  arsenic,  and  several  others,  showered  in 
powder  into  this  gas,  take  fire,  and  produce  a  brilliant  combustion. 
Chlorine  is  absorbed  by  alcohol  and  many  other  organic  substances, 
when  it  generally  eliminates  more  or  less  hydrogen,  as  hydrocliloric 
acid,  and  enters  also  by  substitution  into  the  original  compound,  in 
the  place  of  that  hydrogen.  It  bleaches  all  vegetable  and  animal 
colouring  matters,  and  is  believed  then  generally  to  act  in  that  manner. 
The  colours  are  destroyed  and  cannot  be  revived  by  any  treatment. 
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A  stream  of  chlorine  gas,  thrown  into  a  bottle  of  dry  ammoniacal 
gas,  produces  a  jet  of  flame  from  the  combustion  of  the  hydrogen  of 
the  ammonia.  When  chlorine  is  passed  through  the  undiluted  solu- 
tion of  ammonia,  the  same  decomposition  takes  place,  and  the  reac- 
tion is  a  convenient  source  of  nitrogen  gas  (page  323). 


Pig.  145. 


The  arrangement  represented  in  fig.  145  may  be  used  for  this 
purpose.  It  consists  of  a  large  globular  flask  A,  in  which  chlorine 
is  evolved  from  the  usual  materials ;  two  wash-bottles,  B  and  C, 
containing  solution  of  ammonia,  the  first  placed  in  a  basin  of  cold 
water  to  repress  its  temperature.  The  nitrogen  evolved  passes 
through  a  U  tube,  E,  containing  fragments  of  pumice  impregnated 
with  a  solution  of  caustic  potash,  to  absorb  any  chlorine  that  may 
escape  the  action  of  the  ammonia  ;  and  the  gas  is  finally  collected  in 
bottles,  F,  filled  with  water  acidulated  with  hydrochloric  acid,  to 
absorb  the  vapour  of  ammonia  with  which  the  nitrogen  is  accom. 
panied. 

Chlorine  when  free  is  easily  recognized  by  its  odour  and  bleacliing 
power,  and  by  producing  both  when  free  and  in  the  soluble 
chlorides,  with  nitrate  of  silver,  a  white  curdy  precipitate  of  chloride 
of  silver,  which  is  soluble  in  ammonia,  but  not  soluble  in  cold  or 
boiling  nitric  acid. 

Uses. — Chemistry  has  presented  to  the  arts  few  substances  of 
which  the  applications  are  more  valuable.  Chlorine  is  the  discolour- 
ing agent  of  the  modern  process  of  bleaching,  which,  as  it  is  gene- 
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rally  conducted  with  cotton  goods,  consists  of  the  following  opera- 
tions. The  cloth,  after  being  well  washed,  is  boiled  first  in  lime- 
water  and  then  in  caustic  soda,  which  remove  from  it  certain  resinous 
matters  soluble  in  alkali.  It  is  then  steeped  in  a  solution  of  chloride 
of  lime,  so  dilute  as  just  to  taste  distinctly,  which  has  little  or  no 
perceptible  effect  in  whitening  it ;  but  the  cloth  is  afterwards  thrown 
into  water  acidulated  with  sulphuric  acid,  of  sp.  gr.  between  1.010 
and  1.020,  when  a  minute  disengagement  of  chlorine  takes  place 
throughout  the  substance  of  the  cloth,  and  it  immediately  assumes 
a  bleached  a^jpearance.  The  cloth  is  boiled  a  second  time  with 
caustic  soda,  and  digested  again  in  dilute  chloride  of  lime  and  in 
dilute  sulphuric  acid,  as  before.  The  acid  favours  the  bleaching 
action,  and  is  required  besides  to  remove  the  caustic  alkali,  a  portion 
of  which  adheres  pertinaciously  to  the  cloth.  The  fibre  of  the 
cloth  is  not  injured  by  dilute  sulphuric  acid,  although  digested  in  it 
for  days,  provided  the  cloth  is  not  allowed  to  dry  with  the  acid  in  it, 
or  left  above  the  surface  of  the  liquor.  But  it  is  very  necessary  to 
wash  well  after  the  last  souring,  to  get  rid  of  every  trace  of  acid, 
with  which  view  the  cloth  may  be  passed  through  warm  water  as  a 
precautionary  measure. 

Chlorine  is  had  recourse  to  in  disinfecting  the  wards  of  hospitals. 
Mr.  Paraday,  in  fumigating  the  Millbank  Penitentiary,  found  that  a 
mixture  of  1  part  of  common  salt  and  1  part  of  the  binoxide  of 
manganese,  when  acted  upon  by  2  parts  of  oil  of  vitriol  previously 
mixed  with  1  part  of  water  (all  by  weight),  and  left  till  cold,  pro- 
duced the  best  results.  Such  a  mixture,  at  60°,  in  shallow  pans  of 
red  earthenware,  liberated  its  chlorine  gradually  but  perfectly  in  four 
days.  The  salt  and  manganese  were  well  mixed,  and  used  in  charges 
of  3  J  pounds  of  the  mixture.  The  acid  and  water  were  mixed  in  a 
wooden  tub,  the  water  being  put  in  first,  and  then  about  half  the 
acid  :  after  cooling,  the  other  half  was  added.  The  proportions  of 
water  and  acid  are  9  measures  of  the  former  to  10  of  the  latter. 
(Magazine  of  Science,  1840,  p.  264). 

Chlorides. — Chlorine  combines  with  all  the  metals,  and  in  the 
same  proportions  as  oxygen.  With  the  exception  of  the  chlorides 
of  silver  and  lead,  and  subchlorides  of  copper  and  mercury,  these 
compounds  are  soluble  and  sapid,  and  they  possess  in  an  eminent 
degree  the  saline  character.  Indeed,  common  salt,  the  chloride  of 
sodium,  has  given  its  name  to  the  class  of  salts,  and  chlorine  is  the 
type  of  salt-radicals  or  halogenous  (salt-producing)  bodies.     Clilo- 
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rides  of  metals  belonging  to  different  classes  often  combine  together 
and  form  double  chlorides ;  the  chlorides  of  the  potassimn  family,  in 
particular,  with  some  chlorides  of  the  magnesian  family,  as  with 
chloride  of  copper,  with  chloride  of  mercury,  with  both  the  chlorides  of 
tin,  and  with  perchlorides  generally.  A  chloride  and  oxide  of  the 
same  metal  (excepting  the  potassium  family)  often  combine  together, 
forming  oxichlorides,  which  are  in  general  insoluble. 

Chlorine  is  also  absorbed  by  alkaline  solutions,  and  combinations 
are  formed  which  bleach  and  exhibit  many  of  the  properties  of  the 
free  element.  The  chlorine  in  these  compounds,  and  also  in  dry 
chloride  of  lime,  formed  by  exposing  hydrate  of  lime  to  chlorine  gas, 
is  now  generally  allowed  to  exist  as  hypoclilorous  acid.  They  are  not 
permanent  compounds,  and  the  chlorine  eventually  acts  upon  the 
metallic  oxide,  so  as  to  produce  a  chloride  and  a  chlorate  of  the  metal, 
as  will  be  afterwards  explained. 

The  following  chlorides  of  the  non-metallic  elements  will  now  be 
particularly  described : — 


Hydrochloric  acid 

.  HCl 

Hypochlorous  acid     . 

.  CIO 

Peroxide  of  chlorine  . 

.  CIO4 

Chloric  acid     .     .     . 

.  CIO5 

Hyperchloric  acid 

.  CIO7 

Chloride  of  nitrogen 

.  NCI3 

Chlorocarbonic  acid  . 

.  CO.Cl 

Chloride  of  boron  .  , 
Chloride  of  silicon  .  . 
Chloride  of  sulphur  .  . 
Bichloride  of  sulphur  . 
Terchl.  of  phosphorus  . 
Pentachl.  of  phosphorus 


BCI3 

SiClg 
S2CI 
SCI2 
PCI3 

PCL 


HYDEOCHLOETC  ACID. 


Syn.  Chlorhydric  acid,  Muriatic  acid ;   Eq.  36.5  or  456.25 ; 
CIH;  density  1269.5; 


This  acid  is  one  of  the  most  frequently-employed  reagents  in  che- 
mical operations,  and  has  long  been  known  under  the  names  of  s}}irit 
of  salt,  marine  acid,  and  muriatic  acid  (from  murias,  sea-salt).  It 
was  first  obtained  by  Priestley  in  its  pure  form  of  a  gas  in  1772. 

Preparation, — Hydrochloric  acid  is  always  obtained  by  the  action 
of  oil  of  vitriol  upon  common  salt.  When  the  process  is  conducted 
on  a  small  scale  and  in  a  glass  retort,  3  parts  of  common  salt,  5  oil 
of  vitriol,  and  5  water,  may  be  taken.    The  oil  of  vitriol  being  mixed 
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with  2  parts  of  the  water  in  a  thin  flask,  and  cooled,  is  poured  upon 
the  salt  contained  in  a  capacious  retort  A  (fig.  146).     A  flask  B, 


Fig.  146. 


containing  the  remaining  3  parts  of  the  water,  is  then  adapted  to_the 
retort  as  a  condenser.  Upon  applying  heat  to  the  retort,  hydro- 
chloric acid  gas  comes  off,  and  is  condensed  in  the  receiver,  aff'ording 
an  aqueous  solution  of  the  acid,  of  about  sp.  gr.  1.170,  which  con- 
tains 34  per  cent,  of  dry  acid;  wliile  bisulphate  of  soda  remains  in 
the  retort.  Supposing  2  equivalents  of  oil  of  vitriol  and  1  of  chloride 
of  sodium^to  be  employed,  which  the  preceding  proportions  represent, 
then  the  rationale  of  the  action  is  as  follows  : — 


PROCESS  FOR  HYDROCHLORIC  ACID  :  — 


Before  decomposition. 

58.5  Chloride  of  f  Chlorine      . 

sodium    (Sodium  .     . 

Hydrogen   . 

49     Oil  of  vitr.-  Oxygen  .     . 

.Sulphu.  acid 

49  Oil  of  vitriol 


156.5 


156.5 


After  decomposition. 

36.5  hydroc.  acid 


71   sulph.  of  soda  ) 
49  sulph.  of  water] 


156.5 


Or  in  symbols :  NaCl  and  H0.S03  =  HC1  and  NaO.SOg  +  HO.SOa. 

2  H 
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The  hydrochloric  acid  coming  off  easily  and  at  a  low  temperature, 
when  2  eqs.  of  sulphuric  acid  are  used,  is  obtained  at  once  pure  and 
free  from  sulphuric  acid. 

Tliis  process  is  more  economically  conducted  on  the  large  scale,  as 
for  nitric  acid  (fig.  109,  page  347),  in  a  cast  iron  cyhnder,  about  5 
feet  in  length  and  2J  in  diameter,  laid  upon  its  side,  which  has 
moveable  ends,  generally  composed  of  a  thin  paving  stone  cut  into  a 
circular  disc  and  divided  into  two  unequal  segments.  A  charge  of 
three  or  four  hundred  pounds  of  salt  is  introduced  into  the  retort, 
and  after  the  bottom  is  heated,  sulphuric  acid,  as  it  is  withdrawn 
from  the  leaden*  chambers,  is  added  in  a  gradual  manner  by  means  of 
a  long  funnel,  and  in  proportion  not  exceeding  1  equivalent  for  the 
chloride  of  sodium.  In  such  circumstances,  the  lower  part  of  the 
cylinder  exposed  to  the  sulphuric  acid  is  not  much  acted  upon,  while 
the  roof  of  the  cylinder  is  protected  from  the  hydrochloric  acid  fumes 
by  a  coating  of  fire-clay  or  thin  bricks.  The  hydrochloric  acid  gas  is 
conducted  by  a  glass  tube  into  a  series  of  large  jars  of  salt-glaze 
ware,  connected  with  each  other  like  "Wolfe^s  bottles,  and  containing 
water,  in  which  the  acid  condenses. 

Properties. — Hydrochloric  acid  is  obtained  in  the  state  of  gas  by 
boiling  an  ounce  or  two  of  the  fuming  aqueous  solution  in  a  small 
retort,  or  by  pouring  oil  of  vitriol  upon  a  small  quantity  of  salt  in  a 
retort,  and  is  collected  over  mercury.  It  is  an  invisible  gas,  of  a 
pungent  acid  odour,  and  produces  white  fumes,  when  allowed  to  escape, 
by  condensing  the  moisture  in  the  air.  By  a  pressure  of  40  atmos- 
pheres at  50°,  it  is  condensed  into  a  liquid  of  sp.  gr.  1.27.  It  is 
quite  irrespirable,  but  much  less  irritating  than  chlorine  ;  it  is  not  de- 
composed by  heat  alone,  nor  when  heated  in  contact  with  charcoal. 
Hydrochloric  acid  extinguishes  combustion,  and  is  not  made  to  unite 
with  oxygen  by  heat ;  but  when  electric  sparks  are  passed  through  a 
mixture  of  this  gas  and  oxygen,  decomposition  takes  place  to  a  small 
extent,  water  being  formed  and  chlorine  liberated.  It  is  composed 
by  volume  of  one  combining  measure,  or  2  volumes  of  each  of  its 
constituents,  united  without  condensation ;  so  that  its  combining 
measure  is  4  volumes,  and  its  theoretical  density  1269.5.  It  may  be 
formed  directly  by  the  union  of  its  elements. 

If  a  few  drops  of  water  or  a  fragment  of  ice  be  thrown  up  into  a 
jar  of  hydrochloric  acid  over  mercury,  the  gas  is  completely  absorbed 
in  a  few  seconds ;  or  if  a  stout  bottle  filled  with  this  gas  be  closed  by 
the  finger  and  opened  under  water,  an  instantaneous  condensation  of 
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the  gas  takes  place,  water  rushing  into  the  bottle  as  into  a  vacuum. 
Dr.  Thomson  found  that  1  cubic  inch  of  water  absorbs  418  cubic 
inches  of  gas  at  69°,  and  becomes  i.34  cubic  inch.  He  constructed 
the  following  table,  from  experiment,  of  the  specific  gravity  of  hydro- 
cldoric  acid  of  determinate  strengths'^ : — 

HYDROCHLORIC  ACID. 


Atoms  ofWater 

Real  Acid  in  100 

Specific 

Atoms  of 

Water  to  1 

of  Acid. 

Real  Acid  iu  100 

Specific 

to  1  of  Acid. 

of  the  liquid. 

Gravity. 

of  the  liquid. 

Gravity. 

G 

40.66 

1.203 

14 

22.700 

1.1060 

7 

37.00 

1.179 

15 

21.512 

1.1008 

8 

83.95 

1.162       , 

16 

20.442 

1.0960 

9 

31.35 

1.149 

17 

19.474 

1.0902 

10 

29.13 

1.139 

18 

18.590 

1.0860 

11 

27.21 

1.1285 

19 

17.790 

1.0820 

12 

25.52 

1.1197 

20 

17.051 

1.0780 

13 

24.03 

1.1127 

To  this  may  be  added  the  following  useful  table,  for  which  we  are 
indebted  to  Mr.  E  Davy  : — 
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Specific 

Quantity  of  Acid 

Specific 

Quantity  of  Acid 

Gravity. 

per  cent. 

Gravity. 

per  cent. 

1.21 

42.43 

1.10 

20.20 

1.20 

40.80 

1.09 

18.18 

1.19 

38.38 

1.08 

16.16 

1.18 

36.36 

1.07 

14.14 

1.17 

34.34 

1.06 

12.12 

1.16 

32.32 

1.05 

10.10 

1.15 

30.30 

1.04 

8.08 

1.14 

28.28 

1.03 

6.00 

1.13 

26.26 

1.02 

4.04 

1.12 

24.24 

1.01 

2.02 

1.11 

22.22 

1 

It  thus  appears  that  the  strongest  hydrochloric  acid  that  can  be 
easily  formed  contains  six  eqs.  of  water :  this  liquid  allows  acid  to 
escape  when  evaporated  in  air,  and  comes,  according  to  an  observation 

*  First  Principles  of  Chemistry. 
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of  my  own,  to  contain  12  eqs.  of  water  to  1  of  acid.  Distilled  in  a 
retort,  it  was  found,  by  Dr.  Dalton,  to  lose  more  acid  than  water  till 
it  attained  the  specific  gravity  1 .094,  when  its  boihng  point  attained 
a  maximum  of  230°,  and  the  acid  then  distilled  over  unchanged. 
Dr.  Clark  finds  by  careful  experiments  that  the  acid,  which  is  unal- 
terable by  distillation,  contains  16.4  equivalents  of  water. 

The  concentrated  acid  is  a  colourless  liquid,  fuming  strongly  in  air, 
liighly  acid,  but  less  corrosive  than  sulphuric  acid;  not  poisonous 
when  diluted.  It  is  decomposed  by  substances  which  yield  oxygen 
readily,  such  as  metallic  peroxides  and  nitric  acid,  which  cause  an  evo- 
lution of  chlorine,  by  oxidating  the  hydrogen  of  the  hydrochloric 
acid.  A  mixture  of  1  measure  of  nitric  and  2  measures  of  muriatic 
acid  forms  aqua  regia,  which  dissolves  the  less  oxidable  metals,  such 
as  gold  and  platinum. 

The  hydrochloric  acid  of  commerce  has  a  yellow  or  straw  colour, 
which  is  generally  due  to  a  little  iron,  but  may  be  occasionally  pro- 
duced by  organic  matter,  as  it  is  sometimes  destroyed  by  hght. 
This  acid  is  rarely  free  from  sulphuric  acid,  the  presence  of  which  is 
detected  by  the  appearance  of  a  white  precipitate  of  sulphate  of  baryta 
on  the  addition  of  chloride  of  barium  to  the  hydrochloric  acid 
diluted  with  4  or  5  times  its  bulk  of  distilled  water.  Sulphurous 
acid  is  also  occasionally  present  in  commercial  hydrochloric  acid,  and 
is  indicated  by  the  addition  of  a  few  crystals  of  protochloride  of  tin, 
wliich  salt  decomposes  sulj)hurous  acid,  and  occasions,  after  standing 
some  time,  a  brown  precipitate  containing  sulphur  in  combination 
with  tin  (Girardin).  To  purify  hydrochloric  acid,  it  may  be  diluted 
till  its  sp.  gr.  is  about  1 .1,  for  which  the  strongest  acid  requires  an 
equal  volume  of  water ;  and  with  the  addition  of  a  portion  of  chloride 
of  barium,  the  acid  should  then  be  re-distilled.  As  the  acid  brings 
over  enough  of  water  to  condense  it,  Liebig^s  condensing  apparatus 
(fig.  28,  page  63)  can  be  used  in  this  distillation.  The  pure  acid  thus 
obtained  is  strong  enough  for  most  purposes,  and  has  the  advantage 
of  not  fuming  in  the  air.  Hydrochloric  acid,  like  chlorine  and  the 
soluble  chlorides,  gives  with  nitrate  of  silver  a  white  curdy  precipi- 
tate, the  chloride  of  silver,  soluble  in  ammonia,  but  not  dissolved  by 
hot  or  cold  nitric  acid. 

Hydrochloric  acid  belongs  to  the  class  of  hydrogen  acids  or 
hydracids.  On  neutralizing  this  acid  with  soda  or  any  other  basic 
oxide,  no  hydrochlorate  of  soda  is  formed ;  but  the  hydrogen  of  the 
acid  with  the  oxygen  of  the  soda  forming  water,  the  chlorine  and 
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sodium  combine,  and  produce  a  metallic  chloride.  Zinc,  and  the  other 
metals  which  dissolve  in  dilute  sulphuric  acid,  with  evolution  of  hy- 
drogen, dissolve  with  equal  facility  in  this  acid,  with  the  same  evolu- 
tion of  hydrogen,  and  a  chloride  of  the  metal  is  then  formed. 

COMPOUNDS  OF  CHLORINE  AND  OXYGEN. 

Chlorine  and  oxygen  gases  exhibit  no  disposition  to  combine  with 
each  other  in  any  circumstances,  but  tliis  is  not  inconsistent  with  their 
forming  a  series  of  compounds,  as  nitrogen  and  oxygen,  which  exhibit 
a  similar  indifference  to  each  other,  also  do.  The  oxides  of  chlorine 
are  five  in  number,  namely  : — 

Hypochlorous  acid     .         .         ;         .  CIO 

Clilorous  acid CIO3 

Peroxide  of  chlorine^  or  Hypochloric  acid  CIO4 

Chloric  acid CIO5 

Perchloric  acid CIO7 

Hypochlorous  and  cliloric  acids  are  always  primarily  formed  by  a 
reaction  occurring  between  chlorine  and  two  different  classes  of  me- 
tallic oxides ;  and  the  chlorous  and  perchloric  acids,  again,  are  derived 
from  the  decomposition  of  chloric  acid. 
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Fq.i^S.b;  CIO;  density  of  vapour  2977 ;    \    \    \ 

The  discovery  of  this  compound  in  a  separate  state  was  made 
by  M.  Balard  in  1834.^  It  was  obtained  by  acting  with  chlorine 
upon  the  red  oxide  of  mercury.  If  to  a  two-pound  bottle  of  chlorine 
gas  300  grains  of  red  oxide  of  mercury  in  fine  powder  be  added* 
with  1^  ounces  of  water,  the  chlorine  will  be  found  to  be  rapidly  ab- 
sorbed on  agitation.  One  portion  of  the  chlorine  unites  with  the 
oxygen  of  the  metallic  oxide,  and  becomes  hypochlorous  acid,  which 
is  dissolved  by  the  water ;  while  another  portion  forms  a  chloride  with 
the  metal,  which  chloride  unites  with  a  portion  of  undecomposed 
oxide,  and  forms  an  insoluble  oxichloride.     The  liquid  may  be  poured 

*  Aimales  de  Chiiii.  et  dc  Pliys.  Ivii.  2^5  ;  or  Taylor's  Sciontitic  Memoirs,  vol.  i. 
p.  269. 
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off  and  allowed  to  settle  :  it  is  a  solution  of  liypoclilorous  acid^  with 
generally  a  little  chloride  of  mercury.  This  reaction  is  expressed  in 
the  following  diagram  : — 


FORMATION  OF  HYPOCHLOROUS  ACID. 


Before  decomposition. 
Chlorine  ....  Chlorine 


Oxide  of  Mer. 

Chlorine  .  .  . 
Oxide  of  Mer. 


Oxygen  .  . 
Mercury  .  .  .^ 
Chlorine  .  .  .- 
Oxide  of  Mer._ 


After  decomposition. 

Hypochlorous  acid 


:.-- Chloride  of  Mer.   >| 
_  Oxide  of  Mercury  )  | 


Or  in  symbols :  2Cl  and  2HgO=C10  and  HgCl.HgO. 

But  the  oxichloride  fornaed  seems  not  always  to  contain  the  same  pro- 
portion of  oxide.  The  proportion  of  hypochlorous  acid  in  the  liquid  may 
be  increased  by  introducing  the  same  solution  into  a  second  bottle  of 
chlorine^  with  an  additional  quantity  of  red  oxide  of  mercury.  The 
oxide  of  zinc  and  black  oxide  of  copper,  diffused  through  water,  and 
exposed  to  chlorine,  give  rise  to  a  similar  formation  of  liypoclilorous 
acid. 

If  red  oxide  of  mercury  in  fine  powder  be  added  to  chlorine- 
water  so  long  as  the  oxide  is  dissolved,  a  solution  of  hypochlorous  acid 
and  chloride  of  mercury  is  formed,  without  any  insoluble  compound^ 
2C1  and  HgO=C10  and  HgCl  (Gay-Lussac) . 

On  the  other  hand,  hypochlorous  acid,  free  from  water,  and  in  the 
liquid  state  may  be  obtained  by  ])assing  dry  chlorine  gas  in  a  gradual 
manner  over  red  oxide  of  mercury  in  a  glass  tube  a  h  (fig.  147) ;  care 

Fig.  147. 


being  taken  to  prevent  elevation  of  temperature,  by  surrounding  the 
tube  with  fragments  of  ice,  or  immersing  it  in  cold  water,  as  otherwise 
nothing  but  oxygen  will  be  disengaged.  The  chlorine  is  evolved 
from  the  usual  materials  in  the  flask  A,  passed  through  water  in  the 
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wash-bottle  B  to  arrest  any  hydrocliloric  acid,  and  afterwards  dried 
in  a  chloride  of  calcium  tube  C.  Chloride  of  mercury  is  formed  as 
in  the  other  processes,  and  ^a  yellow  gas,  which  is  liquefied  in  the 
bent  tube  D,  kept  cold  by  a  freezing  mixture  of  ice  and  salt.  The 
oxide  of  mercury  which  answers  best  for  tliis  experiment  is  that  pre- 
cipitated from  cliloride  or  nitrate  of  mercury  by  potash,  washed  and 
dried  at  a  temperature  of  about  572°  (300°  C.)— Eegnault's  Traite. 

Hypoclilorous  acid  is  a  liquid  of  an  orange-yellow  colour,  which 
boils  at  about  68°  (20°  C.)  Its  vapour  is  of  a  pale  yellow  colour,  very 
similar  to  chlorine.  It  is  composed  of  2  volumes  of  chlorine  and  1 
volume  of  oxygen,  condensed  into  2  volumes,  which  gives  a  theo- 
retical density  of  2992,  while  2977  has  been  obtained  by  experiment. 
It  is  resolved  by  a  slight  elevation  of  temperature  into  its  constituent 
gases ;  a  property  which  allows  it  to  be  analyzed,  by  determining  the 
proportions  of  the  mixed  chlorine  and  oxygen  gases.  Water  dissolves 
about  200  volumes  of  this  gas,  and  assumes  a  fine  yellow  colour. 

Hypochlorous  acid  is  also  formed  when  chlorine  is  absorbed  by 
weak  solutions  of  alkalies  and  by  hydrate  of  lime,  and,  as  the  acid  of 
the  bleaching  chlorides,  possesses  considerable  interest.  It  dis- 
places the  carbonic  acid  of  alkaline  carbonates,  but  has  not  much 
analogy  to  other  acids.  Its  taste  is  extremely  strong  and  acrid,  but 
not  sour,  and  its  odour  penetrating  and  difierent  from,  although 
somewhat  similar  to,  chlorine.  It  attacks  the  epidermis  like  nitric 
acid,  and  is  exceedingly  corrosive.  It  bleaches  instantly,  like  chlorine, 
and  is  a  powerful  oxidizing  agent.  A  concentrated  solution  of  it  is 
exceedingly  unstable,  small  bubbles  of  clilorine  gas  being  sponta- 
neously evolved  and  chloric  acid  formed.  This  decomposition  is 
promoted  by  the  presence  of  angular  bodies,  such  as  pounded  glass, 
and  also  by  heat  and  light. 

Of  the  elementary  bodies,  hydrogen  has  no  action  upon  hypo- 
chlorous  acid.  Sul])liur,  selenium,  phosphorus,  and  arsenic,  act  upon 
it  with  great  energy,  and  are  all  of  them  raised  to  their  highest 
degree  of  oxidation,  with  the  evolution  of  chlorine  gas;  selenium 
even  being  converted  into  selenic  acid,  although  it  is  only  converted 
into  selenious  acid  by  the  action  of  nitric  acid.  Iodine  is  also  con- 
verted into  iodic  acid.  Iron  filings  decompose  it  immediately,  and 
clilorine  gas  comes  off.  Copper  and  mercury  combine  with  both 
elements  of  the  acid,  and  form  oxichlorides.  Many  other  metals  are 
not  acted  upon  by  it,  unless  another  acid  be  present,  such  as  zinc, 
tin,  antimony,  and  lead.  Silver  has  a  difi'erent  action  upon  hypo- 
chlorous  acid  from  that  of  most  bodies,  combining  with  its  chlorine. 
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and  causing  an  evolution  of  oxygen  gas.  Hydrochloric  and  hypo- 
chlorous  acid  mutually  decompose  each  other,  water  being  formed, 
and  chlorine  liberated ;  if  the  liquids  are  both  cooled  to  a  very  low 
degree,  before  mixture,  the  chlorine  is  not  disengaged,  but  combines 
with  water  to  form  the  hydrate  of  chlorine,  and  causes  the  liquid  to 
become  a  solid  mass.  The  presence  of  soluble  chlorides  is  equally 
incompatible  with  the  existence  of  hypochlorous  acid. 

Hyjwchlorites. — The  direct  combination  of  hypochlorous  acid  with 
powerful  bases  is  accompanied  by  heat,  which  is  apt  to  convert  the 
hypochlorite  into  a  mixture  of  chlorate  and  chloride ;  but  by  adding 
the  acid  in  a  gradual  manner  to  the  alkaline  solution,  hypochlorites 
of  potash,  soda,  hme,  baryta,  and  strontia,  may  be  formed,  and  may 
even  be  obtained  in  a  solid  state  by  evaporation  in  vacuo,  if  a  con- 
siderable excess  of  alkali  be  present,  which  appears  to  give  a  certain 
degree  of  stability  to  these  salts.  They  bleach  powerfully,  and  their 
odour  and  colour  are  identically  the  same  as  the  corresponding  deco- 
lourizing compounds  of  chlorine,  formed  by  exposing  solutions  of  the 
highly  basic  oxides  named  to  clilorine  gas,  from  which  it  is  impossible 
to  distinguish  them  by  their  physical  properties.  Wlien  chlorine, 
then,  is  absorbed  by  a  weak  solution  of  potash,  without  heat  being 
appHed,  the  hypochlorite  of  potash  is  formed,  with  chloride  of  potas- 
sium, both  of  which  remain  in  solution  : — 

3  CI  and  2K0  =  K0.C10  and  KCl. 


Fig.  148. 


The  hypochlorites 
are  salts  of  a  very 
changeable  constitu- 
tion ;  a  slight  in- 
crease of  tempera- 
ture, the  influence 
of  solar  Hght,  even 
of  diffused  light,  con- 
verts them  into  chlo- 
ride and  chlorate. 

The  euchlorine 
gas  of  Davy,  to 
which  he  assigned 
the  composition  of 
hypochlorous  acid, 
has  been  found  to  be 
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a  mixture  of  chlorine  gas  and  clilorochloric  acid.  That  mixture  is 
obtained  by  the  action  of  hydrochloric  acid  of  sp.gr.  1.1  upon  clilorate 
of  potash,  aided  by  a  gentle  heat.  It  has  a  very  yellow  colour  (euchlorine) , 
and  explodes  feebly  when  a  hot  wire  is  introduced  into  it,  becoming 
nearly  colourless  when  the  chlorochloric  acid  is  decomposed.  A  tube 
retort  A,  (fig.  148),  is  employed  fortlie  evolution  of  this  gas,  and  it 
is  collected  in  the  phial  B  by  displacement. 

CHLORIC  ACID. 

Eq.  75.5  or  943.75;  HO.CIO5. 

Wlien  a  stream  of  chlorine  gas  is  transmitted  through  a  strong 
solution  of  caustic  potash,  the  gas  is  absorbed,  and  a  solution  is 
formed  which  bleaches  at  first,  but  loses  that  property  without  any 
escape  of  gas,  and  becomes  a  mixture  of  chloride  of  potassium  and 
chlorate  of  potash ;  the  latter  of  which,  being  the  least  soluble,  sepa- 
rates in  shining  tabular  crystals.  Pive  equivalents  of  potash  (the 
oxide  of  potassium)  are  decomposed  by  6  of  chlorine,  5  of  which 
unite  with  the  potassium,  and  form  5  equivalents  of  chloride  of  po- 
tassium, while  the  5  of  oxygen  form  chloric  acid  with  the  remaining 
equivalent  of  chlorine,  as  stated  in  the  following  diagram,  in  which 
the  numbers  express  equivalents  : — 

ACTION  OF  CHLORINE  UPON  POTASH. 

Before  decomposition.  After  decomposition. 

5  Chlorine  .  .  5  Chlorine  . ^  5  Chloride  of  potassium. 


5  Potash 


5  Potassium 

5  Oxygen    .--^^,^ 
Chlorine  .  .  Chlorine  .  .■--~^^^- Chloric  acid  \  Chlorate  of 
Potash  .  .  .  Potash  .  . Potash         J      potash. 

Or  in  symbols :  6C1  and  6KO=KO.C105  and  5KC1.  Such  is  the 
nature  of  the  action  of  chlorine  upon  the  soluble  and  highly  alkaline 
metallic  oxides,  when  their  solutions  are  concentrated,  or  heat 
apphed. 

The  chlorate  of  baryta  may  be  formed  by  transmitting  chlorine 
through  caustic  baryta  in  the  same  manner ;  and  from  a  solution  of  the 
pure  chlorate  of  baryta,  chloric  acid  may  be  obtained  by  the  cautious 
addition  of  sulphuric  acid,  so  long  as  it  occasions  a  precipitate  of 
sulphate  of  baryta.    The  solution  may  be  evaporated  by  a  very  gentle 
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heat  till  it  becomes  a  syrupy  liquid^  which  has  no  odour,  but  a  very 
acid  taste,  is  decomposed  above  100°,  and  when  distilled  at  a  still 
higher  temperature  gives  water,  then  a  mixture  of  chlorine  and  oxy- 
gen gases,  and  hyperchloric  acid ;  which  last  acid  may  be  prepared 
in  this  way  without  difficulty.  Chloric,  like  nitric  acid,  is  not  iso- 
lable,  being  incapable  of  existing  except  in  combination  with  water 
or  a  fixed  base.  This  acid  first  reddens  htmus  paper,  but  after  a  time 
the  colour  is  bleached,  and  if  the  acid  has  been  liighly  concentrated, 
the  paper  often  takes  fire.  It  dissolves  zinc  and  iron  with  disen- 
gagement of  hydrogen.  Chloric  acid  is  decomposed  by  hydrochloric 
acid,  with  escape  of  chlorine,  and  by  most  combustible  bodies  and 
acids  of  the  lower  degrees  of  oxidation,  such  as  sulphurous  and 
phosphorous  acids,  which  oxidate  themselves  at  its  expense. 

This  acid,  when  free  or  in  combination,  may  be  recognized  by 
several  properties.  It  is  not  precipitated  by  chloride  of  barium  or 
nitrate  of  silver,  and  its  salts  have  no  bleaching  power ;  sulj)huric 
acid  causes  the  disengagement  from  it  of  a  yellow  gas,  having  a 
peculiar  odour,  which  bleaches  strongly ;  and  its  salts,  when  heated 
to  redness,  afi'ord  oxygen,  and  deflagrate  with  combustibles. 

Chlorates. — This  class  of  salts  is  remarkable  for  a  general  solu- 
bility, like  the  nitrates.  Those  of  them  which  are  fusible  detonate  with 
extreme  violence  with  combustibles.  The  chlorate  of  potash,  of 
which  the  preparation  and  properties  will  be  described  under  the  salts 
of  potash,  has  become  a  familiar  chemical  product,  being  largely  con- 
sumed in  the  manufacture  of  deflagrating  mixtures.  The  chlorates 
were  at  one  time  termed  htjperoxy muriates,  and  their  acid,  the 
existence  of  which  was  originally  observed  by  Mr.  Chenevix,  was  first 
obtained  in  a  separate  state  by  Gay-Lussac. 

The  composition  of  chloric  acid  is  ascertained  by  decomposing  a 
known  quantity  of  chlorate  of  potash  by  heat,  and  ascertaining  the 
loss  of  weight  which  is  due  to  the  expulsion  of  6  eqs.  of  oxygen. 
The  chloride  of  potassium  which  forms  the  fixed  residue  is  dissolved, 
and  the  chlorine  precipitated  by  nitrate  of  silver.  The  chlorine  is 
thus  obtained  in  the  form  of  chloride  of  silver,  of  which  the  compo- 
sition is  known.  The  relation  between  the  equivalents  of  chlorine 
and  oxygen  is  also  established  by  the  analysis  of  the  clilorate  of  pot- 
ash (Note,  p.  111). 
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PERCHLORIC  ACID. 

Eq,  91.5  or  1143.75  ;  HO.  CIO7. 

This  acid,  which  is  also  named  hyperchloric  and  oxicliloric  acid,  is 
obtained  from  clilorate  of  potash  in  different  ways.  At  that  particu- 
lar point  of  the  decomposition  of  chlorate  of  potash  by  heat,  when  the 
evolution  of  oxygen  is  about  to  become  very  violent,  the  fused  salt  is 
in  a  pasty  state,  and  contains,  as  was  first  observed  by  Serullas,  a 
considerable  quantity  of  perchlorate,  the  oxygen  extricated  from  one 
portion  of  clilorate  being  retained  by  another  portion  of  the  same  salt. 
This  salt  is  rubbed  to  powder,  and  dissolved  in  boiling  water,  from 
which  the  perchlorate  is  first  deposited,  on  cooling,  owing  to  its 
sparing  solubility.  It  is  stated  by  M.  Millon,  that  from  50  to  53 
per  cent,  of  perchlorate  may  be  obtained  by  stopping  when  9-i-  Hters 
of  gas  (580  c.  i.)  are  collected  from  100  grammes  (1543  grains)  of 
clilorate,  instead  of  13  liters."^  The  same  salt  may  also  be  prepared 
by  throwing  chlorate  of  potash,  in  fine  powder,  and  well  dried,  into  oil 
of  vitriol  gently  heated  in  an  open  basin,  by  a  few  grains  at  a  time, 
when  the  liberated  chloric  acid  resolves  itseK  into  peroxide  of  chlorine 
and  hyperchloric  acid,  the  former  coming  off  as  a  yellow  gas  -,  thus : — 

RESOLUTION  OF   CHLORIC  ACID   INTO   PEROXIDE   OP   CHLORINE   AND 
HYPERCHLORIC  ACID. 

Before  decomposition.  After  decomposition. 

/  2  Chlorine —=-2  Perox.  chlorine. 


3  Chloric  acid 


8  Oxygen 
7  Oxygen 
I     Chlorine -  Hyperchloric  acid. 


Of  the  3  equivalents  of  potash,  previously  in  combination  with  the 
chloric  acid,  one  remains  with  hyperchloric  acid  as  hyperclilorate  of 
potash,  and  the  other  two  are  converted  into  bisulphate  of  potasli. 
The  whole  reaction  between  the  aoid  and  salt  may,  therefore,  be  thus 
expressed : — 

3(KO.C105)  and  4(HO.S03)  =2010^  and  KO.CIO7 
and2(HO.S03+KO.S03)  and  2H0. 

In  conducting  this  operation,  the  greatest  caution  is  necessary, 

*  Annales  de  Chim.  3e  Ser.  vii.  335. 
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owing  to  the  explosive  property  of  peroxide  of  chlorine ;  for  if  the 
order  of  mixing  the  substances  be  reversed,  and  the  acid  poured  upon 
the  chlorate,  or  if  too  much  chlorate  be  added  at  a  time  to  the  acid, 
a  most  violent  and  dangerous  detonation  may  occur.  But  this  re- 
action is  chiefly  interesting  as  affording  peroxide  of  chlorine;  for 
hyperchlorate  of  potash  may  be  obtained  from  chlorate  by  the  action 
of  nitric  acid,  lately  observed  by  Professor  Penny,  without  danger  or 
inconvenience.  The  chlorate  is  tranquilly  decomposed  in  nitric  acid 
gently  heated  upon  it,  the  chlorine  and  oxygen  of  3  equivalents  of 
peroxide  of  chlorine  being  evolved  in  a  state  of  mixture  and  not  of 
combination  :  the  saline  residue  consists  of  3  equivalents  of  nitrate 
and  1  of  perchlorate  of  potash,  which  may  be  separated  by  dissolving 
them  in  the  smallest  adequate  quantity  of  boiling  water.  On  cooling, 
the  perchlorate  separates  in  small  shining  crystals,  which  may  be 
dissolved  a  second  time  to  obtain  them  perfectly  pure. 

Perchloric  acid  may  be  prepared  from  the  last  salt  by  boiling  it 
with  an  excess  of  fluosihcic  acid,  which  forms,  with  potash,  a  salt 
nearly  insoluble.  After  cooling,  a  clear  hquid  is  decanted  and  evapo- 
rated by  the  water-bath.  To  ehminate  a  small  excess  of  hydrofluoric 
acid,  a  little  silica  in  fine  powder  is  added  to  the  liquid,  which  at  a 
certain  degree  of  concentration  carries  off  the  former  as  fluosihcic  acid. 
After  being  still  further  concentrated,  the  acid  hquid  may  be  distilled 
in  a  retort  by  a  sand-bath  heat.  A  very  dilute  acid  comes  over  first, 
but  the  temperature  of  ebullition  rises  till  it  attains  392°,  after  which 
the  receiver  should  be  changed,  because  what  then  passes  over  is  a 
concentrated  acid  of  sp.  gr.  1.65.  This  acid  is  a  colourless  liquid 
which  fumes  sHghtly  in  the  air.  It  may  be  still  farther  concentrated 
by  distilling  it  with  4  or  5  times  its  weight  of  strong  sulphuric  acid, 
when  the  greater  part  of  it  is  decomposed  into  chlorine  and  oxygen ; 
but  a  portion  condenses  in  a  mass  of  small  crystals,  and  also  in  long 
four-sided  prismatic  needles  terminated  by  dihedral  summits,  which 
were  found  by  Serullas  to  be  two  different  hydrates  of  the  acid,  the 
last  containing  least  water  and  being  most  volatile.  The  crystals  and 
the  concentrated  solution  of  the  acid  have  a  great  affinity  for  water; 
the  acid  itself  (ClO^)  appears  not  to  be  isolable. 

Perchloric  acid  is  much  the  most  stable  of  the  oxides  of  chlorine ; 
it  does  not  bleach,  is  not  altered  by  the  presence  of  sulphuric  acid, 
and  is  not  decomposed  by  sulphurous  acid  or  by  hydrosulphuric  acid. 
It  dissolves  zinc  and  iron  with  effervescence,  and,  in  point  of  afiinity, 
is  one  of  the  most  powerful  acids.  Perchloric  acid  is  recognized  by 
producing,  with  potash,  a  salt  of  the  same  sparing  solubiHty  as  bitar- 
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trate  of  potasli.  It  is  an  interesting  acid  from  its  composition,  and 
as  being  the  most  accessible  of  the  small  class  containing  periodic  and 
permanganic  acids,  to  which  it  belongs.  The  alkaline  perchlo rates 
emit  much  oxygen  when  heated,  and  leave  metaUic  cldorides ;  they 
do  not  deflagrate  so  powerfidly  with  combustibles  as  the  chlorates. 


CHLOROUS  ACID. 

Eq.  59.5  or  743.75  ;  CIO3;  demity  2.646. 

This  is  a  gaseous  compound  of  chlorine  and  oxygen,  which  is  not 
liquefied  at  5°  ( — 15°  C),  and  is  therefore  remarkable  for  its  fixity. 
It  was  discovered  and  studied  by  M.  Millon.^  Chlorous  acid  is 
formed  by  the  deoxidation  of  chloric  acid  in  various  circumstances. 
It  is  readily  obtained  from  a  mixture  of  three  parts  of  arsenious  acid 
and  four  of  chlorate  of  potash,  pulverized  together,  and  made  into  a 
thin  paste  with  water ;  twelve  parts  of  ordinary  nitric  acid  diluted 
with  four  of  water  being  added,  the  whole  is  introduced  into  a  flask, 
which  is  filled  to  the  neck  with  the  mixture,  and  heated  cautiously 
by  a  water-bath. 

Clilorous  acid  is  a  gas  of  a  greenish  yellow  colour,  of  which  water 
dissolves  five  or  six  times  its  volume,  assuming  a  golden  yellow  tint 
of  considerable  intensity.  It  bleaches  litmus  and  indigo,  but  does 
not  attack  gold,  platinum,  nor  antimony.  It  is  decomposed  by  heat, 
in  general  at  134.6°  (57°  C),  into  perchloric  acid,  chlorine,  and 
oxygen:  30103  =  CIO7  and  20  and  2C1.  Chlorous  acid  combines 
with  bases,  and  forms  crystallizable  salts ;  the  affinity  of  this  and 
some  other  anhydrous  acids  is  gradually  exerted,  and  requires  time 
for  its  action.  On  pouring  a  solution  of  cldorite  of  potash  into  a 
solution  of  nitrate  of  lead,  a  yellowish  white  precipitate  of  chlorite  of 
lead  is  obtained,  PbO.  CIO3,  which  is  easily  subjected  to  analysis  by 
transforming  it  into  sulphate  by  means  of  sulphuric  acid ;  or,  if  the 
chlorite  of  lead  be  fused  in  a  crucible  with  carbonate  of  soda,  the 
whole  chlorine  of  the  chlorous  acid  is  obtained  in  the  form  of  chlo- 
ride of  potassium,  and  may  be  precipitated  from  an  acid  solution  by 
nitrate  of  silver,  and  estimated  as  chloride  of  silver. 

According  to  M.  Millon,  the  gas  which  forms  when  chlorate  of 
potash  is  treated  with  hydrochloric  acid  (euclilorine),  ought  to  be 
considered  a  compound  of  chloric  and  chlorous  acid,  2CIO5.  CIO3. 

*  Annales  de  Chim.  3  ser.  vii. 
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It  is  named  chlorochloric  acid.  Another  double  acid,  which 
Millou  has  named  cldoroper chloric  acid^  is  formed  when  hmnid 
chlorous  acid  is  exposed  to  light,  and  condenses  as  a  red  Hquid, 
2  CIO7.CIO3. 

PEROXIDE  or  CHLORINE. 

Hypochloric  acid;  eq.  67.5  or  843.75  :  CIO4. 

Tliis  substance  cannot  be  obtained  in  a  state  of  purity  without  con- 
siderable danger.  Gay-Lussac  recommends,  in  preparing  it,  to  mix 
chlorate  of  potash  in  the  state  of  a  paste  with  sulphuric  acid  pre- 
viously diluted  with  half  its  weight  of  water  and  cooled,  and  to  distil 
the  mixture  in  a  small  retort  by  a  water-bath.  It  comes  off  as  a  gas, 
of  a  yellow  colour  considerably  deeper  than  chlorine,  which  cannot 
be  collected  over  mercury,  as  it  is  instantly  decomposed  by  that  metal, 
nor  over  water,  w^hich  dissolves  it  in  large  quantity.  It  is  composed 
of  2  volumes  of  chlorine  with  4  volumes  of  oxygen,  condensed  into  4 
volumes,  which  gives  it  a  density  of  2337.5.  This  gas  is  decom- 
posed gradually  by  light,  but  between  200°  and  212°  its  elements 
separate  in  an  instantaneous  manner,  with  the  disengagement  of  light 
and  a  violent  explosion,  which  breaks  the  vessels.  Water  dissolves 
about  20  times  its  volume  of  this  gas  :  the  gas  itself  is  liquefied  by 
cold,  and  forms  a  red  liquid,  which  boils  at  68°  (20°  C.)  It  bleaches 
damp  litmus  paper,  without  first  reddening  it,  and  is  absorbed  by 
alkaline  solutions  with  the  formation  of  a  mixture  of  a  chlorate  and 
chlorite.  This  compound,  then,  resembles  peroxide  of  nitrogen,  NO4, 
and  is  not  a  peculiar  acid,  but  may  be  represented  as  a  compound  of 
chlorous  and  chloric  acids  :  2  C104  =  C103  +  C105. 

Peroxide  of  chlorine  has  a  violent  action  upon  combustibles,  kin- 
dhng  phosphorus,  sulphur,  sugar,  and  other  combustible  substances  in 
contact  with  which  it  is  evolved.     Its  action  upon  phosphorus  may 
Fig.  150.  \^q  shown  by  throwing  a  drachm  or  two  of  crystal- 

hzed  chlorate  of  potash  into  a  deep  foot-glass  (fig. 
150)  filled  with  cold  water,  to  the  bottom  of  which 
the  salt  falls  without  any  loss  by  solution.  Oil  of 
vitriol  is  then  conducted  to  the  salt,  in  a  small 
stream,  from  a  tube  funnel,  the  lower  end  of  which 
has  been  drawn  out  into  a  jet  with  a  minute  open- 
ing. A  gas  of  a  lively  yellow  colour  is  evolved 
with  shght  concussions,  and  immediately  dissolved 
by  the  water,  to  which  it  imparts  the  same  colour » 
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If,  while  this  is  occurring,  a  piece  of  phosphorus  be  tlirown  into  the 
glass,  it  is  ignited  by  every  bubble  of  gas  evolved,  and  a  brilliant 
combustion  is  produced  under  the  water,  forming  a  beautiful  experi- 
ment wholly  without  danger.  If  a  few  grains  of  clilorate  of  potash 
in  fine  powder  and  loaf-sugar  be  mixed  upon  paper  by  the  fingers, 
(rubbing  these  substances  together  in  a  mortar  may  be  attended  with 
a  dangerous  explosion),  and  a  single  drop  of  sulphuric  acid  be 
allowed  to  fall  from  a  glass  rod  upon  the  mixture,  an  instantaneous 
deflagration  takes  place,  occasioned  by  the  evolution  of  the  yellow 
gas,  wliich  ignites  the  mixture.  Captain  Manby  used  to  fire  in  this 
manner  the  small  piece  of  ordnance,  which  he  proposed,  as  a  life- 
preserver,  to  throw  a  rope  over  a  stranded  vessel  from  the  shore ;  and 
the  same  mixture  was  afterwards  employed,  with  sulphuric  acid,  in 
various  forms  of  the  instantaneous  light-match,  all  of  wliicli,  however, 
are  now  superseded  by  other  mixtures  ignited  by  friction  without 
sulphuric  acid. 

CHLORINE  AND  BINOXIDE  OF  NITROGEN. 

Mr.  E.  Davy  appears  first  to  have  obtained  a  gaseous  compound  of 
chlorine  and  binoxide  of  nitrogen  in  1830,  and  a  combination  of  tlie 
same  constituents  was  distilled  from  aqua  regia  and  liquefied  by  M. 
Baudrimont  in  1843.  It  is  only  lately,  however,  that  the  nature  of 
the  mutual  action  of  nitric  and  hydrocliloric  acids  has  been  fully  ex- 
plained by  the  investigations  of  M.  Gay-Lussac  on  aqua  regia. 
(Annales  de  Chimie,  3me  s6r.  xxiii.  203 ;  or,  Chemical  Gazette, 
1848,  p.  269.) 

When  nitric  and  hydrochloric  acids  are  mixed,  a  reaction  soon 
commences  if  the  acids  are  concentrated ;  the  liquid  becomes  of  a  red 
colour,  and  effervescence  takes  place,  from  the  escape  of  chlorine  and 
a  chloro-nitric  vapour.  On  passing  this  gaseous  mixture  through  a 
U  tube,  the  angle  of  wliich  is  immersed  in  a  freezing  mixture  of  ice 
and  salt,  the  cliloro -nitric  compound  condenses  as  a  dark-coloured 
liquid,  and  is  thus  separated  from  the  free  chlorine  which  accom- 
panied it. 

Chloro-nitric  acid,  NOgClg. — This  forms  the  principal  part  of  the 
chlcfro-nitric  vapour  :  it  may  be  represented  as  a  peroxide  of  nitrogen 
in  which  two  equivalents  of  oxygen  are  replaced  by  two  equivalents 
of  chlorine.  A  third  equivalent  of  chlorine,  due  to  the  third  equi- 
valent of  oxygen  yielded  by  the  nitric  acid,  is  disengaged  as  gas,  and 
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is  tlie  agent  by  which  aqua  regia  dissolves  gold,  platinum,  and  other 
metals  having  a  weak  affinity  for  oxygen,  converting  them  into 
chlorides  :  the  chloro-nitric  acid  takes  no  part  in  the  action.  This 
compound  is  also  formed  by  the  mixture  of  the  two  gases  in  equal 
volumes,  which  assume  a  brilliant  orange  colour,  and  suffer  a  con- 
densation amounting  to  exactly  one-third  of  their  original  volume. 
The  theoretical  density  of  this  vapour  is  1740.2. 

Chloro-nitrous  acid,  NO2CI. — This  second  compound,  which 
corresponds  with  nitrous  acid,  NO3,  always  appears  simultaneously 
with  the  other  in  variable  proportions.  It  is  a  vapourous  liquid  of 
similar  properties,  of  which  the  vapour  density  is  inferred  to  be 
2259.4.  The  vapours  of  both  compounds,  when  conducted  into 
water,  are  instantly  decomposed  into  hydrochloric  acid  and  peroxide 
of  nitrogen  or  nitrous  acid — a  decomposition  which  affords  the  means 
of  determining  the  proportion  of  chlorine  which  they  contain.  The 
cHoro-nitric  compounds  are  also  decomposed  by  mercury,  the  chlorine 
combining  with  the  metal  and  leaving  pure  binoxide  of  nitrogen. 
The  solution  of  the  vapours  in  water  decolorizes  a  solution  of  per- 
manganate of  potash,  owing  to  the  peroxide  of  nitrogen  it  contains, 
but  does  not  bleach  indigo  because  it  contains  no  free  chlorine. 


CHLORIDE  OF  NITROGEN. 

This  is  one  of  the  most  formidable  of  explosive  compounds,  and 
great  caution  is  necessary  in  its  preparation  to  avoid  accidents.  Pour 
ounces  of  sal  ammoniac  (which  must  not  smell  of  animal)  matter  or 
of  nitrate  of  ammonia,  are  dissolved  in  a  small  quantity  of  boihng 
water,  filtered,  and  made  up  to  3  pounds  with  distilled  water ;  a  two- 
pound  bottle  of  chlorine  is  inverted  in  a  basin  containing  this  solu- 
tion at  80°,  being  supported  by  the  ring  of  a  retort  stand,  with  its 
mouth  over  a  small  leaden  saucer.  The  chlorine  gas  is  absorbed, 
and  upon  the  surface  of  the  liquid,  which  rises  into  the  bottle,  an 
oily  substance  condenses,  which,  when  it  accumulates,  precipitates 
in  large  drops,  and  is  received  in  the  leaden  saucer.  During  the 
whole  operation,  the  bottle  must  not  -  be  approached,  unless  the  face 
is  protected  by  a  sheet  of  wire  gauze,  and  the  hands  by  thick  woollen 
gloves ;  agitation  of  the  bottle,  to  make  the  suspended  drop  fall,  is  a 
common  cause  of  explosion.  The  leaden  saucer,  when  it  contains 
the  clilorine,  may  be  withdrawn  from  under  the  bottle,  without  dis- 
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turbing  the  latter,  and  then  no  harm  can  result  from  the  explosion, 
if  it  does  not  occur  in  contact  with  glass. 

M.  Balard  finds  that  this  compound  may  also  be  produced  by  sus- 
pending a  mass  of  sulphate  of  ammonia  in  a  strong  solution  of  hypo- 
chlorous  acid. 

The  cliloride  of  nitrogen  is  a  volatile  oleaginous  liquid  of  a  deep 
yellow  colour,  and  sp.  gr.  1.653,  of  which  the  vapour  is  irritating 
like  chlorine,  and  attacks  the  eyes.  It  may  be  distilled  at  160°,  but 
effervesces  strongly  at  200°,  and  explodes  between  205°  and  212°, 
producing  a  very  loud  detonation,  and  shattering  to  pieces  glass  or 
cast-iron,  but  producing  merely  an  indentation  in  a  leaden  cup.  It 
is  resolved  into  chlorine  and  nitrogen  gases,  the  instantaneous  pro- 
duction of  wliich  with  heat  and  light,  is  the  cause  of  the  violence  of 
the  explosion.  The  chloride  of  nitrogen  is  decomposed  by  most 
organic  matters  containing  hydrogen ;  and  may  be  safely  exploded 
by  touching  it  by  the  point  of  a  cane-rod,  which  has  been  previously 
dipped  in  oil  of  turpentine. 

This  compound  is  represented  by  NCI4,  but  the  properties  of  this 
compound  render  its  accurate  analysis  almost  impossible,  and  the 
correctness  of  the  formula  usually  assigned  to  it  is  very  doubtful. 
M.  Millon  has  shown  that,  it  may  contain  hydrogen,  and  is  possibly 
a  nitride  of  chlorine  with  ammonia,  CI3N  +  2H3N.  He  formed  from 
it  corresponding  compounds,  containing  bromine,  iodine,  and  cyano- 
gen, by  double  decomposition;  a  bromide,  iodide,  or  cyanide  of 
potassium  being  introduced  into  the  chloride  of  nitrogen  for  that 
purpose."^ 

CHLORIDES  OF  CARBON. 

Sesquichloride  of  carhon,  C^C\. — The  compounds  of  these  ele- 
ments are  not  formed  directly,  but  were  produced  by  Mr.  Faraday  by  the 
action  of  chlorine  upon  a  certain  compound  of  carbon  and  hydrogen ; 
the  circumstances  of  their  formation  were  explained  with  singular 
felicity  by  M.  Regnault.  Chlorine  and  olefiant  gas  C4H4  combine  toge- 
ther in  equal  volumes,  and  condense  as  Dutch  liquid  (page  386). 
Chemists  are  now  generally  agreed  that  the  rational  formula  of  this 
liquid  is  not  C4H4  +  2C1,  but  that  its  elements  are  thus  arranged : — 

Dutch  liquid     ....     C4H3.CI -}- HCl. 

*  Annales  de  China,  et  de  Phys.  Ixix.  75. 

I 
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It  is  considered  a  combination  of  hydrochloric  acid  HCl,  with  the 
chloride  of  acetyl  C4H3.CI.     When  a  stream  of  chlorine  gas  is  trans 
mitted  through  Dutch  liquid,  a  second  eq.  of  hydrogen  is  carried 
off,  as  hydrochloric  acid,  and  1  eq.  of  chlorine  left  in  its  place ;  thus 
Dutch  liquid,  C4H3CI  +  HCI  becomes — 

C4H2CI2  +  HCL 

This  second  product,  which  is  a  liquid,  being  submitted  to  the 
action  of  a  stream  of  chlorine,  gives  rise  to  a  third  liquid  product,  in 
which  the  hydrochloric  acid  of  the  last  formula  disappears,  and  the 
remaining  portion  assumes  2  additional  eqs.  of  chlorine,  forming — 

C4H2CI4. 

This  third  liquid  is  changed  by  the  prolonged  action  of  chlorine 
into  the  sesquichloride  of  carbon,  but  to  hasten  the  action  it  is  con- 
venient to  conduct  the  operation  in  the  light  of  the  sun ;  its  two 
remaining  eqs.  of  hydrogen  being  carried  off  in  the  form  of  hydro- 
chloric acid,  and  2  eqs.  of  chlorine  left  in  their  place,  which  gives  the 
formula 

Sesquichloride  of  carbon    .     .  C4Clg,  or  C4CI4  +  Clg. 

This  view  of  the  derivation  and  constitution  of  the  sesquichloride 
of  carbon  is  confirmed  by  the  density  of  its  vapour,  which  Regnault 
found  by  experiment  to  be  8 157.    It  should  from  its  formula  contain 

8  volumes  carbon  vapour     .         .         .         3371 
12  volumes  chlorine     .         ,         .         .       29284 


32655 


If  these  form  a  combining  measure  of  4  volumes,  the  most  usual  of 
all  combining  measures,  the  weight  of  1  volume,  or  density  of  the 
vapour,  is  8164,  which  almost  coincides  with  the  experimental 
result."^ 

The  sesquichloride  of  carbon  is  a  volatile  crystalline  solid,  having 
an  aromatic  odour  resembHng  that  of  camphor,  fusible  at  320°  and 
boiling  at  360°  (Faraday),  of  sp.  gr.  2,  soluble  in  alcohol,  ether,  and 

*  Regnault,  Be  I'Action  du  Chlore  sur  la  liqueur  des  Hollandais  et  sur  le  Chlorure 
d'Aldehydene.  Ann.  de  Ch.  et  de  Ph.  t.  69,  p.  151.  Idem,  Sui-les  Chlorures  de  Carbon, 
ib.  t.  70,  p.  104. 
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oils.  It  was  prepared  by  Mr.  Faraday  by  exposing  Dutch  liquid  to 
sunlight  in  an  atmosphere  of  chlorine,  which  was  several  times 
renewed  as  the  chlorine  was  absorbed. 

Protochloride  of  carbon,  C4CI4. — This  compound  was  prepared 
by  Faraday  by  passing  the  vapour  of  the  sesquichloride  through  a  glass 
tube  filled  with  fragments  of  glass,  and  heated  to  redness.  A  great 
quantity  of  chlorine  becomes  free,  and  a  colourless  liquid  is  obtained, 
which  when  purified  from  sesquichloride  of  carbon  and  chlorine  as  much 
as  possible,  boils  at  248°  (Regnault),  has  a  sp.  gr.  of  1.5526,  and  in 
its  chemical  relations  is  very  analogous  to  the  sesquichloride  of  carbon. 
The  density  of  the  vapour  of  the  protochloride  decides  the  nature  of 
its  constitution.  It  was  found  by  Regnault  to  be  5820,  which  cor- 
responds to  the  composition  by  volume  : — 

8  volumes  carbon  vapour     .         .         .         3371 
8  volumes  chlorine      .         .         .         .       19523 


22894 

Density  = =  5724. 

4 

It  must,  therefore,  contain  4  eqs.  of  carbon  and  4  of  chlorine,  and 
its  formula  be  C4CI4,  or  it  represents  olefiant  gas  C4H4  with  its  whole 
hydrogen  replaced  by  chlorine.  It  is  interesting  to  observe  how  a 
body  retains,  after  so  many  mutations,  such  distinct  traces  of  its 
origin.  T'rom  its  analysis  it  might  be  a  compound  of  single  equiva- 
lents, C  CI,  of  the  simplest  nature,  and  so  it  was  considered  when 
named  protochloride  of  carbon. 

Suhchloride  of  carhon,  C4CI2.— Another  compound  of  this  class 
exists,  of  which  a  specimen  produced  accidentally  was  examined  by 
Messrs.  PhiUips  and  Faraday.  Eegnault  has  formed  it  by  making 
the  preceding  liquid  compound  pass  several  times  through  a  tube  at 
a  bright  red  heat.  It  condenses  in  the  coldest  parts  of  the  tube  in 
very  fine  silky  crystals,  which  may  be  taken  up  by  ether,  and  obtained 
perfectly  pure  by  a  second  sublimation. 

Per  chloride  of  carhon,  C2CI4,  was  obtained  by  Ilegnault  from 
the  prolonged  action  of  chlorine  on  hydrochloric  ether,  wood-spirit, 
or  chloroform,  and  by  M.  Kolbe  by  passing  clilorine  gas  impregnated 
with  the  vapour  of  bisulphide  of  carbon  through  a  porcelain  tube 
heated  to  redness.  It  is  a  colourless,  liquid,  of  density  1'6,  boiling 
at  172°  (78°  C).  By  passing  the  vapour  of  this  chloride  through  a 
tube  heated  to  dull  redness,  Regnault  obtained  another  chloride  of 
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carbon,  isomeric  with  Farada/s  sesquichloride,  but  of  wliicli  the 
vapour  density  was  4*082.  Kolbe  formed  a  crystallizable  compound 
of  perchloride  of  carbon  and  sulphurous  acid,  which  has  the  formula 
2(S02)+C2Cl4. 

Another  chloride  of  carbon,  of  the  formula  C20CI8,  was  obtained 
by  M.  Laurent,  by  the  action  of  chlorine  upon  naphthaline,  C20H3, 
in  the  form  of  a  crystalline  solid,  soluble  in  boihng  petroleum. 

Chloroxicarhonic  gas,  CO.  CI. — This  gas  is  formed  by  exposing 
equal  measures  of  chlorine  and  carbonic  oxide  to  sunshine,  Avhen  rapid 
but  silent  combination  ensues,  and  they  contract  to  one  half  their 
volume  (page  371). 

Chloride  of  boron,  B  CI3. — A  gaseous  compound  of  these  ele- 
ments was  obtained  by  Berzelius,  by  transmitting  chlorine  over  boron 
heated  in  a  glass  tube,  and  by  Dumas  by  transmitting  the  same  gas 
over  a  mixture  of  boracic  acid  and  carbon  ignited  in  a  porcelain  tube 


Fig.  151. 
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placed  across  a  furnace  (fig.  151).    Its  density  was  found  to  be  4079 
by  Dumas,  and  it  is  considered  a  terchloride. 

Chloride  of  silicon;  127.85  or  1598.12;  SiClg.— When  silicon 
is  heated  in  a  stream  of  chlorine  gas  it  takes  fire,  and  this  compound 
is  formed.  It  is  also  obtained  in  quantity  \y^  a  process  analogous  to 
that  of  Dumas  for  the  chloride  of  boron,  which  it  greatly  resembles. 
Silicic  acid  is  not  decomposed  when  heated  with  carbon,  but  if  chlo- 
rine gas  be  present,  then  the  simultaneous  action  of  the  latter  element 
upon  the  silicon  favours  the  action  of  the  carbon  on  the  oxygen,  and 
carbonic  oxide  with  chloride  of  silicon  results.  Precipitated  silica 
(page  393),  which  is  in  a  highly  divided  state,  is  mixed  with  an  equal 
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weight  of  lamp-black,  and  made  into  a  stiff  paste  with  a  little  oil ;  this 
is  divided  into  balls,  which  are  rolled  in  charcoal  powder,  and  then 
exposed  to  a  strong  red  heat  in  a  covered  crucible.  These  ignited 
balls  form  the  mixture  of  silica  and  charcoal  which  is  introduced 
into  the  porcelain  tube  (fig.  151),  and  heated  strongly  by  a  charcoal 
furnace,  while  chlorine  gas,  washed  by  water  and  dried  in  a  chloride 
of  calcium  tube,  is  carried  through  the  porcelain  tube.  The  chloride 
of  silicon  is  condensed  in  a  U  tube  placed  in  an  inverted  bell-jar,  with 
an  opening  at  the  lower  part ;  a  short  straight  tube  is  cemented  to 
the  lower  part  of  the  U  tube,  and,  passing  through  the  tubulure  of 
the  jar,  terminates  in  a  small,  thoroughly  dry  bottle,  where  the  liquefied 
chloride  of  silicon  is  collected.     (Regnault's  Traite). 

The  chloride  of  silicon  is  a  colourless,  higldy  mobile  liquid,  of 
density  1.52;  which  boils  at  138°  (59°  C),  and  fumes  in  the  air. 
It  is  instantly  decomposed  by  contact  with  water,  and  resolved  into 
hydrochloric  acid  and  silica : — 

SiClg  and  3H0 = SiOg  and  3HC1. 

This  property  affords  the  means  of  analyzing  the  chloride  of  silicon, 
as  the  chlorine  of  the  hydrochloric  acid  formed  may  be  precipitated 
by  nitrate  of  silver,  and  its  amount  determined.  The  proportion  of 
oxygen  in  silicic  acid  may  also  be  deduced  from  the  same  experiment, 
as  the  oxygen  must  necessarily  be  equivalent  to  the  chlorine  in  the 
chloride. 

CHLORINE  AND  SULPHUR. 

Chlorine  and  sulphur  appear  to  combine  in  several  different  propor- 
tions, some  of  these  compounds  being  formed  only  in  combination 
with  certain  other  chlorides.  But  two  compounds  of  these  elements 
have  been  obtained  in  a  separate  state. 

Suhchloride  of  sulphury  67.5  or  843.75;  SaCl.—This  com- 
pound was  first  obtained  by  Dr.  T.  Thomson  in  1804.  To  pre- 
pare it,  a  few  ounces  of  flowers  of  sulphur  are  introduced  into  the 
tubulated  retort  D  (fig.  152),  and  fused  by  a  lamp  below.  Chlorine 
gas  is  evolved  from  hydrocliloric  acid  and  binoxide  of  manganese  in  the 
flask  A,  transmitted  through  the  wash-bottle  B  containing  water, 
and  afterwards  dried  by  chloride  of  calcium,  before  the  gas  reaches  the 
sulphur  in  D.  The  cliloriue  is  rapidly  absorbed,  and  a  yellowish  red 
dense  liquid  distils  over,  and  is  condensed  in  the  flask  with  two 
openings  E,  wliich  is  kept  cool  by  a  stream  of  water  from  F.     It 
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contains  an  excess  of  sulphur  in  solution,  but  is  obtained  pure  by 
redistilling  the  liquid  at  a  moderate  temperature"^.  The  subchloride 
of  sulphur  boils  at  about  280°,  and  has  a  disagreeable  odour,  some- 
what resembling  that  of  sea-weed,  but  much  stronger.  Its  densitv 
in  the  liquid  state  is  1.687 ;  the  density  of  its  vapour  has  been 
found  4668  by  experiment.  This  compound  is  capable  of  dissolving 
a  large  quantity  of  sulphur,  which  may  be  obtained  in  crystals  from 
a  solution  saturated  at  a  high  temperature.  It  is  decomposed  by 
water,  and  hydrochloric  acid  with  acids  of  sulphur  formed. 

In  one  of  the  processes  for  vulcanizing  caoutchouc,  the  subchloride 
of  sulphur  is  employed.  This  compound  is  dissolved  in  50  times  its 
bulk  of  well  rectified  coal  naphtha,  and  the  articles  of  caoutchouc  im- 
mersed in  the  fluid  for  one  minute,  then  taken  out  and  dried  without 
heat.  The  caoutchouc  thus  acquires  a  small  portion  of  sulpliur,  with 
which  it  appears  to  combine,  and  is  improved  greatly  in  elasticity  and 
strength. 

Protochloride  of  sulphur^  51.5  or  643.75  ;  SCI. — If  chlorine  be 
passed  through  the  former  compound,  the  gas  is  absorbed  in  large 
quantity,  and  a  liquid  compound  of  a  deep  red  colour  formed,  which 
contains  twice  as  much  chlorine.  The  new  compound  dissolves  an 
excess  of  chlorine,  which  must  be  expelled  by  ebuUiton.  When  pure, 
this  chloride  boils  at  147°.2  (64°  C).  Its  density  in  the  liquid  foim  is 
1.620,  and  in  the  state  of  vapour  3549.  It  is  decomposed  like  the 
preceding  compound  when  agitated  with  water,  all  its  chlorine  be- 
coming hydrochloric  acid,  the  quantity  of  which  may  be  determined 
by  the  usual  means.    Polythionic  acids  are  also  formed,  with  a  deposit 

*  Rose :  Anuales  de  Chim.  et  de  Phys,  1.  92. 
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of  sulphur.  This  compound,  of  which  the  formula  is  SCI,  may  cor- 
respond with  hypochlorous  acid  CIO,  or  with  hyposulphurous  acid ; 
but  the  subchloride  of  sulphur,  SgCl,  has  no  analogue  among  the 
known  compounds  of  oxygen  and  chlorine,  or  of  oxygen  and  sulphur. 
When  chlorine  is  passed  over  the  bisulphide  of  tin,  the  gas  is  ab- 
sorbed, the  sulphide  fuses,  and  a  compound  is  formed  in  yellow 
crystals,  which  consists  of  SnClg  +  SCI2.  The  sulphur  of  the  sul- 
phide of  titanium  and  of  the  sulphides  of  antimony  and  arsenic  is 
converted  by  chlorine  in  the  same  manner  into  bichloride,  and  the 
metal  itself  obtains  the  same  proportions  of  chlorine  as  it  had  of  sul- 
phur previously,  the  new  products  also  remaining  in  combination  with 
each  other."^ 

CHLORIDES  OP  PHOSPHORUS. 

Terchloride  of  jjJwsphorus,  PCI3. — This  chloride,  which  cor- 
responds with  phosphorous  acid,  is  obtained  by  passing  chlorine 
through  melted  phosphorus,  as  for  chloride  of  sulphur  (fig.  152) ;  a 
clear  and  volatile  liquid  distils  over,  of  sp.  gr.  1.45.  It  is  capable 
of  dissolving  phosphorus ;  when  mixed  with  water,  it  is  resolved  iuto 
hydrochloric  and  phosphorous  acids. 

Pe7itachloride  of  phosphorus,  PCI5. — Phosphorus  takes  fire  spon- 
taneously in  a  vessel  of  dry  chlorine,  and  produces  a  snow-wliite 
woolly  sublimate,  which  is  very  volatile,  rising  in  vapour  below  212°. 
It  is  converted  by  water  into  hydrochloric  and  phosphoric  acids. 

The  variation  of  the  vapour-density  of  this  substance  observed  by 
M.  Cahours,  has  abeady  been  referred  to  (page  158).  This  com- 
pound is  considered  by  Cahours  as  a  direct  combination  of  the 
tercliloride  with  2  eq.  chlorine,  PClg  +  Clj. 

Chloroxide  of  phosphorus,  PClaOa.—The  vapour  of  water  pro- 
duces with  the  pentachloride  of  phosphorus  a  compound  so  named, 
discovered  by  M.  Wurtz.  It  is  a  colourless  and  very  limpid  liquid, 
of  density  1*7,  which  fumes  in  air.     It  is  decomposed  by  water. 

Chloro-sulphide  of  phosphorus,  PCI3S2.— It  was  discovered  by 
Serullas,  and  is  obtained  by  the  action  of  hydrosulphuric  acid  on 
the  pentachloride  of  phosphorus.  It  is  liquid,  boils  at  262°  (128° 
C.) ;  is  not  decomposed  by  water.  The  alkahne  oxides  transform  it 
into  a  sulphoxiphosphate,  a  metalHc  chloride  being  produced  at  the 
same  time : 

PCI3S2  and  6NaO=8NaO.P03S2  and  SNaCL 

*  Rose :  Annales  de  Chim.  et  de  Phys.,  Ixx.  270. 
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These  salts,  which  correspond  with  the  tribasic  phosphates,  may 
be  crystalHzed.  The  sulphoxiphosphate  of  soda  crystallizes  with  24  eq. 
water,  3NaO.P03S2  +  24HO,  and  has,  therefore,  a  composition 
exactly  similar  to  the  phosphate  of  soda,  SNaO.POg  +  24HO,  but  the 
form  is  different.  Here,  then,  sulphur  is  not  isomorphous  with 
oxygen  (Wurtz)."^ 

SECTION  XI. 

BROMINE. 

Eq.  78.26  or  978.30 ;  Br;  density  of  vapour  5893  ;    |    I    | 


This  element  was  discovered  by  M.  Balardof  Montpellier  in  1826. 
Its  name  is  derived  from  Bpw^oc,  mal-odour,  and  was  applied  to  it  on 
account  of  its  strong  and  disagreeable  odour.  Like  the  other  mem- 
bers of  the  chlorine  family,  it  is  found  principally  in  solution,  being 
present  in  an  exceedingly  minute  but  appreciable  proportion  in  sea- 
water,  under  the  form  of  bromide  of  sodium  or  magnesium,  also  in 
the  water  of  the  Dead  Sea,  and  in  nearly  aU  the  saline  springs  of 
Europe,  of  which  that  of  TheodorshaU  near  Kreuznach  in  Germany  is 
the  principal  source  of  bromine,  as  an  article  of  commerce.  Bromine 
is  interesting  from  its  chemical  relations,  particularly  from  the  extra- 
ordinary parallelism  in  properties  with  chlorine  which  it  exhibits. 

Vrejyaration. — Bromine  in  combination  is  discovered  by  means  of 
chlorine-water,  a  few  drops  of  which  cause  the  colourless  solution  of 
a  bromide  to  become  orange-yeUow,  like  nitrous  acid,  by  disengaging 
bromine,  while  an  excess  of  chlorine  weakens  the  indication,  by  forming 
a  chloride  of  bromine  which  is  nearly  colourless.  Before  the  appli- 
cation of  this  test,  the  sahne  water  in  which  bromine  is  contained 
must  always  be  greatly  concentrated,  and,  indeed,  the  greater  part  of 
its  salts  should  be  separated  by  crystallization.  The  bromides  are 
highly  soluble,  and  remtun  in  the  incrystallizable  liquor  wliich  is  called 
the  mother-ley,  or  bittern  in  the  case  of  sea-water.  The  bromide  of 
magnesium  may  lose  hydrobromic  acid  during  the  farther  concen- 
tration of  the  mother-ley,  by  evaporation,  on  which  account  Desfosses 
recommends  the  addition  of  hydrate  of  hme  to  the  liquid,  which 
throws  down  magnesia,  and  produces  a  bromide  of  calcium  which  may 
be  evaporated  without  loss  of  bromine.  Instead  of  using  free  chlo- 
rine to  extricate  the  bromine,  binoxide  of  manganese  and  a  little  hy- 

*  Annales  de  Chim.  3me  Ser.  xx.  472. 
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drochloric  acid  may  be  added  to  the  liquid.  Upon  distilling,  bromine 
is  liberated  and  comes  off  completely  before  the  liquid  boils.  The 
watery  vapour  which  condenses  in  the  receiver  along  with  the 
bromine  contains  a  portion  of  chloride  of  bromine,  from  which  the 
bromine  may  be  separated  by  adding  baryta  to  the  liquid,  and  forming 
a  chloride  of  barium  and  bromate  of  baryta;  evaporating  the  liquor  to 
dryness,  heating  to  redness,  and  treating  with  alcohol. 

Properties. — Bromine  condenses  in  the  preceding  process  as  a 
dense  liquid  under  the  water,  the  sp.  gr.  of  bromine  being  2.966. 
In  mass,  it  is  opaque  and  of  a  dark  brown  red,  but  in  a  tliin  stratum, 
transparent  and  of  a  hyacinth  red.  Its  odour  is  powerful  and  very 
like  that  of  clilorine.  When  cooled  10  or  15  degrees  below  zero,  it 
freezes,  and  remains  solid  at  10° ;  it  then  has  a  leaden  gray  colour, 
and  a  lustre  almost  metallic.  Bromine  at  the  usual  temperature  is 
decidedly  volatile,  and  to  retard  its  evaporation  it  is  generally  covered 
by  water  in  the  bottle  in  which  it  is  kept.  It  boils  at  116°.5,  and 
affords  a  vapour  very  similar  to  the  ruddy  fumes  of  peroxide  of  nitro- 
gen. Bromine  is  soluble  to  a  small  extent  in  water,  and  gives  an 
orange-coloured  solution ;  it  is  more  soluble  in  alcohol,  and  consi- 
derably more  so  in  ether. 

Bromine  bleaches  like  chlorine,  and  acts  in  a  similar  manner  upon 
the  volatile  oils  and  many  organic  substances  containing  hydrogen, 
which  element  it  eliminates  in  the  form  of  hydrobromic  acid.  Many 
metals  combine  with  bromine  with  ignition,  as  they  do  with  chlorine ; 
it  acts  as  a  caustic  on  the  skin,  and  stains  it  yellow,  like  nitric  acid. 
It  forms  a  compound  with  starch,  which  is  of  a  yellow  colour ;  hke 
chlorine  it  forms  a  crystalline  hydrate  with  water  at  32°,  which  is  of 
a  beautiful  red  tint. 

Hydrobromic  acid;  79.26  or  990.8;  HBr. — This  is  a  gas,  in 
which  2  volumes  of  each  constituent  are  united  without  condensation, 
as  in  hydrochloric  acid,  and  which  has  the  great  attraction  for  water 
of  that  acid.  Hydrogen  and  bromine  do  not  unite  at  the  usual  tem- 
perature, and  a  mixture  of  them  is  not  exploded  by  flame,  but  they 
unite  in  contact  with  the  flame  and  form  hydrobromic  acid.  The 
same  acid  is  more  readily  prepared  by  the  action  of  bromine  upon 
certain  compounds  of  hydrogen,  such  as  hydrosulphuric  acid,  phos- 
phuretted  hydrogen,  and  hydriodic  acid.  The  gas  may  also  be 
obtained  by  the  mutual  action  of  bromine,  phosphorus,  and  water, 
and  must  be  collected  over  mercury. 

For  the  last  process,  a  tube-apparatus,  represented  fig.  146,  is 
recommended  by  M.  Eegnault.      It  contains  a  little  bromine  in  the 
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j^jQ  i^Q  bend  b  and  small  portions  of  phos- 

phorus at  d,  tliis  bend  being  filled  up 
with  fragments  of  glass^  and  a  very 
minute  quantity  of  water  added. 
The  open  end  a  of  the  tube  being 
closed  with  a  cork,  heat  is  applied 
to  b,  so  as  to  vapourize  the  bromine 
in  a  gradual  manner.  A  bromide  of  phosphorus  is  produced,  which 
is  immediately  decomposed  by  the  water,  while  hydrobromic  acid  is 
disengaged  and  escapes  by  the  tube  e. 

Hydrobromic  acid,  like  all  the  other  bromides,  is  decomposed  by 
chlorine,  which  is  more  powerful  in  its  affinities  than  bromine,  but  it 
is  not  decomposed  by  iodine.  Its  action  with  metals  is  precisely 
similar  to  that  of  hydrochloric  acid.  Hydrobromic  acid  is  not  decom- 
posed when  heated  with  oxygen,  and  water  is  not  decomposed 
by  bromine,  so  that  the  affinity  of  bromine  and  oxygen  for  hydrogen 
may  be  inferred  to  be  nearly  equal.  This  acid,  or  a  soluble  bromide, 
produces  white  precipitates  with  the  nitrates  of  silver,  lead,  and  sub- 
oxide of  mercury,  which  are  very  similar  to  the  chlorides  of  these 
metals.  The  other  metallic  bromides  correspond  in  solubility  with 
the  chlorides.  The  bromide  of  silver,  like  the  chloride,  is  soluble  in 
ammonia. 

Bromic  acid,  BrOg. — Bromine  is  dissolved  by  the  strong  alkaline 
bases,  and  occasions  a  decomposition  exactly  similar  to  that  produced 
by  chlorine,  in  which  a  bromide  of  the  metal  and  bromate  of  the  me- 
tallic oxide  are  formed.  The  bromic  acid  may  be  separated  from 
bromate  of  baryta  by  sulphuric  acid,  and  its  solution  may  be  concen- 
trated to  a  certain  point,  like  chloric  acid,  beyond  which  it  undergoes 
decomposition.  It  has  not  been  isolated.  The  chief  points  of  dif- 
ference between  chloric  and  bromic  acid  are,  that  the  latter  alone  is 
decomposed  by  sulphurous  and  phosphorous  acids,  and  by  hydrosul- 
phuric  acid ;  and  while  all  the  chlorates  are  soluble,  the  bromates  of 
silver  and  suboxides  of  mercury  are  insoluble,  the  former  being 
a  white  and  the  latter  a  yellowish  white  precipitate.  Bromic  acid  is 
the  only  known  oxide  of  bromine. 

Chloride  of  bromine,  BrClg. — Chlorine  gas  is  absorbed  by  bro- 
mine, and  a  volatile  fluid  of  a  reddish  yellow  colour  produced.  This 
chloride  appears  to  dissolve  in  water  without  decomposition,  but  in  an 
alkaline  solution  it  is  converted  into  chloride  and  bromate. 

Bromide  of  sulphur. — Bromine  combines  when  mixed  with  flowers 
of  sulphur,  forming  a  fluid  of  an  oily  appearance  and  reddish  tint. 
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much  resembling  subchloride  of  sulphur  in  appearance  and  pro- 
perties. This  bromide  dissolves  both  sulphur  and  bromine,  and  has 
not  been  obtained  in  a  state  of  sufficient  purity  for  analysis. 

Bromides  of  phosphorus ,  PBrg  and  PBrg. — If  bromine  and  phos- 
phorus are  brought  into  contact,  in  a  flask  filled  with  carbonic  acid  gas, 
a  violent  action  with  ignition  takes  place,  of  which  the  products  are 
a  volatile  crystalline  solid  and  a  yellowish  liquid.  The  former,  when 
decomposed  by  water,  affords  hydrobromic  and  phosphoric  acids, 
which  proves  it  to  be  PBrg ;  and  the  latter  afi'ords  hydrochloric  and 
phosphorous  acids,  which  proves  it  to  be  PBr3.  The  Hquid  bromide 
does  not  freeze  at  5°,  and,  like  the  liquid  chloride  of  phosphorus,  is 
capable  of  dissolving  a  large  quantity  of  phosphorus. 

Bromide  of  silicon — Is  prepared  by  a  similar  process  as  the 
chloride  of  silicon.  It  is  a  liquid  boiling  at  302°  and  freezing  at 
10°.     By  water  it  is  resolved  into  hydrobromic  acid  and  sihca. 


SECTION    XII. 

IODINE. 

Eq,  126-36  or  1579-5  ;  I;  density  of  vapour  8707  ;    |    |    | 

Iodine  was  discovered  in  1811,  by  M.  Courtois  of  Paris,  in  kelp, 
a  substance  from  which  he  prepared  carbonate  of  soda.  Its  chemical 
properties  were  examined  by  Clement,  and  afterwards,  more  completely 
by  Davy  and  Gay-Lussac,  particularly  by  the  latter.*  A  trace  of 
iodine  has  been  observed  in  sea-water  (Schweitzer),  but  it  is  more 
abundant  in  the  fuci,  ulvi,  and  other  marine  plants,  and  also  in  sponge, 
the  ashes  of  which  contain  iodide  of  sodium.  It  is  known  also  to 
exist  in  one  mineral,  a  silver  ore  of  Albaradon  in  Mexico. 

Preparation. — The  greater  part  of  the  iodine  of  commerce  is 
prepared  at  Glasgow  from  the  kelp  of  the  west  coast  of  Ireland,  and 
western  islands  of  Scotland.  The  sea-weed  thrown  upon  the  beacli 
is  collected,  dried,  and  afterwards  burned  in  a  shallow  pit,  in  which 
the  ashes  accumulate  and  melt  by  the  heat,  being  of  a  fusible 
material.  The  fused  mass  broken  into  lumps  forms  kelp,  which  was 
prepared  and  chiefly  valued  at  one  time  for  the  carbonate  of  soda  it 
contains,  which  varies  in  quantity  from  2  to  5  per  cent.     It  is  not 

*  Davy,  in  Philosophical  Transactious  for  1814  and  1815;  Gay-Lussac  in  the  Auualea 
de  Chimie,  Ixxxviii.,  xc,  et  xci. 
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all  equally  rich  in  iodine.  According  to  the  observation  of  Mr. 
Whitelaw,  the  long  elastic  stems  of  the  fucus  palmatus  afford  most  of 
the  iodine  contained  in  kelp,  and  the  kelp  prepared  from  this  plant 
may  be  recognized  by  the  presence  of  charred  portions  of  the  stems. 
This  being  a  deep  sea  plant,  iodine  is  found  in  largest  quantity  in  the 
sea-wreck  of  exposed  coasts.  A  liigh  temperature  in  the  preparation 
of  the  kelp,  which  increases  the  proportion  of  alkaline  carbonate, 
diminishes  that  of  the  iodine,  owing  to  the  volatility  of  the  iodide  of 
sodium  at  a  full  red  heat.  The  kelp  which  contains  most  iodine 
generally  contains  also  most  chloride  of  potassium,  and  it  is  for  these 
two  products  that  the  substance  is  now  valued,  more  than  for  its 
alkali. 

The  kelp  broken  into  small  pieces  is  Hxiviated  in  water,  to  which 
it  yields  about  half  it  weight  of  salts.  The  solution  is  evaporated 
down  in  an  open  pan,  and  when  concentrated  to  a  certain  point, 
begins  to  deposit  its  soda  salts, — namely,  common  salt,  carbonate  and 
sulphate  of  soda, — which  are  removed  from  the  boiling  liquor  by 
means  of  a  shovel  pierced  with  holes  like  a  colander.  The  liquid  is 
afterwards  run  into  a  shallow  pan  to  cool,  in  which  it  deposits  a  crop 
of  crystals  of  chloride  of  potassium :  the  same  operations  are  repeated 
upon  the  mother-ley  of  these  crystals  until  it  is  exliausted.  A  dense 
dark-coloured  liquid  remains,  which  contains  the  iodine,  in  the  form, 
it  is  believed,  of  iodide  of  sodium,  but  mixed  with  a  large  quantity 
of  other  salts ;  and  this  is  called  the  iodine  ley. 

To  this  ley,  sulphuric  acid  is  gradually  added  in  such  quantity  as 
to  leave  the  liquid  very  sour,  which  causes  an  evolution  of  carbonic 

acid,  sulphuretted  hy- 
drogen, and  sulphurous 
acid  gases,  with  a  con- 
siderable deposition  of 
sulphur.  After  stand- 
ing for  a  day  or  two, 
the  ley  so  prepared  is 
heated  with  binoxide 
of  manganese,  to  sepa- 
ate  the  iodine.  This 
operation  is  conducted 
in  a  leaden  retort  a 
(see  fig.  147)  of  a  cylin- 
drical form,  supported 
in  a  sand-bath,  which 


Fig.  147. 
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is  heated  by  a  small  fire  below.  The  retort  has  a  large  opening,  to 
which  a  capital,  b  c,  resembling  the  head  of  an  alembic,  is  adapted, 
and  luted  with  pipe-clay.  In  the  capital  itself  there  are  two  openings, 
a  larger  and  a  smaller,  at  h  and  c,  closed  by  leaden  stoppers.  A 
series  of  bottles  «?,  having  each  two  openings,  connected  together  as 
represented  in  the  figure, .  and  with  their  joinings  luted,  are  used  as 
condensers.  The  prepared  ley  being  heated  to  about  140°  in  the 
retort,  the  manganese  is  then  introduced,  and  b  c  luted  to  a.  Iodine 
immediately  begins  to  come  off,  and  proceeds  on  to  the  condensers, 
in  which  it  is  collected ;  the  progress  of  its  evolution  is  watched  by 
occasionally  removing  the  stopper  at  c ;  and  additions  of  sulphuric 
acid  or  manganese  are  made  by  b,  if  deemed  necessary.  The  success 
of  the  experiment  depends  much  upon  its  being  slowly  conducted, 
and  upon  the  proper  management  of  the  temperature,  which  is  more 
easily  regulated  when  the  quantities  of  materials  are  considerable, 
than  when  the  experiment  is  attempted  with  small  quantities  in  glass 
flasks.  In  the  latter  circumstances,  chlorine  is  often  evolved  with 
the  iodine,  which  escapes  in  acrid  fumes,  as  the  chloride  of  iodine, 
and  is  lost ;  but  this  accident  can  be  avoided  in  the  manufacturing 
process.  A  little  cyanide  of  iodine  often  accompanies  the  iodine, 
which  being  more  volatile,  condenses  in  the  form  of  white,  flexible, 
prismatic  crystals,  in  the  bottle  most  distant  from  the  leaden  retort. 

In  this  operation  the  binoxide  of  manganese  will  be  in  contact  at 
once  with  hydriodic,  hydrochloric,  and  sulphuric  acids ;  and  the 
iodine  of  the  hydriodic  acid  may  be  Hberated,  from  the  union  with 
its  hydrogen  of  the  oxygen  of  the  manganese,  and  the  formation 
of  water;  or  hydrochloric  acid  may  be  first  decomposed  by  the 
manganese,  and  chlorine  decompose  the  hydriodic  acid  and  liberate 
iodine.  If  a  considerable  excess  of  sulphuric  acid  be  employed, 
iodine  is  obtained  without  the  use  of  binoxide  of  manganese,  the 
oxygen  required  by  the  hydrogen  of  the  hydriodic  acid  being  supphed 
by  the  sulphuric  acid,  a  part  of  which  is  converted  into  sulphurous 
acid.  The  presence  of  iodine  in  the  prepared  ley  may  be  observed 
by  suddenly  mixing  it  with  an  equal  volume  of  oil  of  vitriol,  when 
\iolet  fumes  of  iodine  appear.  But  the  quantity  of  iodine  may  be 
more  accurately  estimated  by  means  of  a  solution  consisting  of  1  part 
of  crystallized  sulphate  of  copper  and  2  J  cr.  protosulphate  of  iron, 
which  throws  down  an  insoluble  subiodide  of  copper,  almost  white. 
It  may  also  be  determined  approximatively  by  precipitation  by  the 
ammonio-nitrate  of  silver. 
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Properties. — Iodine  is  generally  in  crystalline  scales  of  a  bluish 
black  colour  and  metallic  lustre.  It  is  obtained,  from  solution,  in 
modifications  of  an  elongated  octohedron  with  rhomboidal  base  (fig. 
148.)     The  density  of  iodine  is  4-948 ;  it  fuses  at  225°,  and  boils  at 

Fig.  148. 


347°;  but  it  evaporates  at  the  usual  temperature,  and  more  rapidly 
when  damp  than  when  dry,  diffusing  an  odour  having  considerable 
resemblance  to  chlorine,  but  easily  distinguished  from  it.  Iodine 
stains  the  skin  of  a  yellow  colour,  which  however  disappears  in  a  few 
hours.  Its  vapour  is  of  a  splendid  violet  colour,  which  is  seen  to 
great  advantage  when  a  scruple  or  two  of  iodine  is  thrown  at  once 
upon  a  hot  brick.  Hence  its  name,  from  'Iw^q,  violet-coloured. 
The  vapour  of  iodine  is  one  of  the  heaviest  of  gaseous  bodies,  its 
density  being  8716  according  to  the  experiment  of  Dumas,  and 
8707*7  according  to  calculation  from  its  atomic  weight. 

Pure  water  dissolves  about  1-7 00 0th  of  its  weight  of  iodine,  and 
acquires  a  brown  colour ;  but  when  charged  with  a  salt,  particularly 
the  nitrate  or  hydrochlorate  of  ammonia,  water  dissolves  a  con- 
siderably greater  quantity  of  iodine.  The  solution  of  iodine  does  not 
disengage  oxygen  in  the  light  of  the  sun,  and  does  not  destroy 
vegetable  colours,  but  after  a  time  it  becomes  colourless,  and  then 
contains  hydriodic  and  iodic  acids.  In  other  respects,  iodine  generally 
comports  itself  like  chlorine,  but  its  affinities  are  much  less  powerful. 
Iodine  is  soluble  in  alcohol  and  ether,  with  which  it  forms  dark 
reddish-brown  Hquids.  Solutions  of  iodides,  too,  all  dissolve  much 
iodine,  and  become  of  a  deep  red  colour.  A  liquid  containing 
20  grains  of  iodine  and  30  grains  of  iodide  of  potassium  in  1  ounce 
of  water,  is  known  as  LugoFs  solution,  and  preferred  to  the  tincture 
in  medicine,  because  the  iodine  is  not  precipitated  from  it  by  dilution 
with  water. 

A  solution  of  starch  forms  a  compound  with  iodine,  of  a  deep  blue 
colour,  soluble  in  pure  water  but  insoluble  in  acid  and  saline 
solutions,  the  production  of  which  is  an  exceedingly  delicate  test  of 
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iodine.  If  the  iodine  be  free,  starch  produces  at  once  the  blue 
compound,  but  if  the  iodine  be  in  combination  as  a  soluble  iodide, 
no  change  takes  place  till  chlorine  is  added  to  liberate  the  iodine. 
If  more  chlorine,  however,  be  added  than  is  necessary  for  that 
purpose,  the  iodine  is  withdrawn  from  the  starch,  chloride  of  iodine 
formed,  and  the  blue  compound  destroyed.  Dr.  A.  T.  Thomson, 
after  adding  the  starch  with  a  drop  of  sulphuric  acid  to  the  liquid 
containing  an  iodide,  in  a  cylindrical  vessel,  allows  the  vapour  only 
from  the  chlorine-water  bottle  to  fall  upon  the  solution,  and  not  the 
chlorine- water  itself.  In  this  way,  the  danger  of  adding  an  excess  of 
chlorine  is  easily  avoided,  and  the  test  indicates  in  a  sensible  manner 
an  exceedingly  minute  quantity  of  iodine.  The  iodide  of  starch,  in 
water,  becomes  colourless  when  heated,  but  recovers  its  blue  colour 
if  immediately  cooled.  The  soluble  iodides  give,  with  the  nitrate  of 
silver,  an  insoluble  iodide  of  silver,  of  a  pale  yellow  colour,  insoluble 
in  ammonia ;  with  salts  of  lead,  an  iodide  of  a  rich  yellow  colour, 
and  with  corrosive  sublimate,  a  fine  scarlet  iodide  of  mercury. 

In  ascertaining  the  quantity  of  iodine  in  the  mixed  chlorides,  and 
iodides  of  mineral  waters  and  other  solutions.  Hose  recommends  the 
addition  of  nitrate  of  silver,  wliich  throws  down  a  mixture  of  chloride 
and  iodide  of  silver,  which  is  fused  and  weighed.  This  is  afterwards 
heated  in  a  tube  and  chlorine  passed  over  it,  by  which  the  iodine  is 
expelled,  and  the  whole  becomes  chloride  of  silver.  It  is  weighed 
again,  and  a  loss  is  found  to  have  occurred,  owing  to  the  equivalent 
of  the  replacing  chlorine  being  less  than  that  of  the  replaced  iodine. 
This  loss,  multiplied  by  1*389,  gives  the  quantity  of  iodine  originally 
present,  which  has  been  expelled  by  the  chlorine.^  Dr.  Schweitzer 
employs  a  similar  method  in  estimating  the  quantity  of  iodine  when 
mixed  with  bromine,  heating  the  iodide  and  bromide  of  silver  in  an 
atmosphere  of  bromine.  The  difference  of  weight  multiplied  by 
2-627  gives  the  proportion  of  iodine,  and  multiplied  by  1*627  the 
proportion  of  bromine.t 

Uses. — ^^lodine  is  employed  in  the  laboratory  for  many  chemical 
preparations,  and  as  a  test  of  starch.  It  was  first  introduced  into 
medicine  by  Coindet  of  Geneva,  who  employed  it  with  success,  in  the 
treatment  of  goitre,  dissolved  in  alcohol,  in  solution  of  iodide  of 

*  Handbuch  der  analytischen  Chemie  von  Heinrich  Rose,  B.  2,  p.  577. 
t  Phil.  Mag.  3d  series,  xv.  p.  57. 
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potassium,  or  as  iodide  of  sodium ;  and  since  that  application,  most 
mineral  waters  to  which  the  virtue  of  curing  goitre  was  ascribed, 
have  been  found  to  contain  iodine.  M.  Boussingault  has  adduced 
striking  confirmations  of  the  efficacy  of  iodine  in  that  disease,  in  his 
interesting  memoir  on  the  iodiferous  mineral  waters  of  the  Andes."^ 
It  appears  to  have  a  specific  action  in  causing  the  absorption  of 
glandular  swelHngs,  and  is  also  administered  as  a  tonic.  Iodine 
swallowed  in  the  solid  state  causes  ulceration  of  the  mucous  membrane 
of  the  stomach,  and  death.  But  the  iodide  of  potassium  or  sodium 
is  not  poisonous  in  considerable  doses,  nor  is  the  iodide  of  starch 
hurtful  (Dr.  A.  Buchanan).  Iodine  and  bromine  have  also  found 
an  interesting  application  to  form  the  film  of  iodide  or  bromide  of 
silver,  in  the  silver-plates  of  the  daguerreotype,  which  is  so  sensitive 
to  light. 

Iodides. — Iodine  does  not  form  a  hydrate  like  chlorine,  but  it 
combines  with  another  compound  body,  ammonia  j  dry  iodine  ab- 
sorbing dry  ammoniacal  gas  and  running  into  a  brown  liquid,  wliich 
Bineau  found  to  contain  20.4  ammonia  to  100  iodine,  quantities  in 
the  proportion  of  3  equivalents  of  ammonia  to  2  of  iodine. t  This 
liquid  dissolves  iodine.  Iodine  does  not  combine  with  dry  iodide  of 
potassium,  but  with  the  addition  of  a  small  quantity  of  water,  it  forms 
what  appears  to  be  a  ternary  compound  of  iodide  of  potassium,  water 
and  iodine,  which  is  usually  fluid,  but  was  obtained  in  crystals  by 
Bauer.  Iodine  forms  similar  compounds  with  other  hydrated  metallic 
iodides.  With  the  metals  generally  iodine  combines,  with  the  same 
facility,  and  nearly  with  as  much  energy  as  chlorine  does.  The 
iodide  of  zinc  and  protiodide  of  iron,  wliich  are  very  soluble,  are 
formed  by  simply  bringing  the  metals  into  contact  with  iodine,  in 
water.  All  the  iodides  are  decomposed  by  bromine,  as  well  as  by 
chlorine. 

The  compounds  of  iodine  may  be  shortly  described  in  the  fol- 
lowing order  : 


Hydriodic  acid     .  HI 

Iodic  acid  .     .     .  IO5 

Periodic  acid  .     .  IO7 

Iodide  of  nitrogen  NI3 


Iodide  of  sulphur 
Iodides  of  phosphorus 
Chlorides  of  iodine 
Bromides  of  iodine. 


*  Annales  de  China,  et  de  Phys.  liv.  163. 
t  Ibid.  Ixvii.  226. 
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Hydriodic  acid ;  127.36  or  1592;  HL—Hydriodic  acid  can- 
not be  prepared  with  advantage  by  treating  the  iodide  of  sodium  or 
potassium  with  hydrated  sulphuric  acid,  as  the  latter  is  partially  con- 
verted into  sulphurous  acid  by  hydriodic  acid,  with  the  separation  of 
iodine.  It  may  be  obtained  in  the  state  of  gas,  by  forming  an  iodide 
of  phosphorus,  9  parts  of  dry  iodine  and  1  of  phosphorus  being  in- 
troduced into  a  tube  sealed  at  one  end,  to  be  used  as  a  retort. 

Fig.  149. 


and  the  mixture  covered  by  pounded  glass,  and  combination  de- 
termined by  a  gentle  heat ;  and  afterwards  decomposing  this  iodide 
of  phosphorus  by  a  few  drops  of  water.  Hydriodic  acid  instantly 
comes  ofP  as  gas,  and  hydrated  phosphorous  acid  remains  in  the  tube : 

PI3  and  6HO=3HI  and  3HO  +  PO3. 

A  sHght  heat  may  be  applied  to  the  tube,  when  the  action  abates,  to 
expel  the  last  portions  of  hydriodic  acid ;  but  if  the  temperature  be 
elevated,  the  residuary  hydrated  phosphorous  acid  is  decomposed,  with 
evolution  of  phosphuretted  hydrogen  gas,  which  may,  therefore,  be 
obtained  by  the  same  operation.  This  gas  is  very  soluble  in  water, 
and  soon  decomposed  over  mercury,  which  combines  with  its  iodine 
and  liberates  hydrogen ;  so  that  it  is  collected  in  a  dry  bottle,  B,  by 

2  K 
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the  method  of  displacement,,  and  the  bottle  is  closed  with  a  glass 
stopper  when  full  of  gas.  Hydriodic  gas  is  colourless,  of  density 
4443  by  experiment  and  4385  by  theory,  and  consists  of  2  volumes 
of  iodine  vapour  and  2  volumes  of  hydrogen  gas  united  without  con- 
densation, or  forming  4  volumes,  which  are,  therefore,  the  combining 
measure  of  the  gas.  In  the  combination  of  its  constituents  by 
volume,  hydriodic  acid  resembles  hydrochloric  gas  and  all  the  other 
hydrogen  acids.  Hydriodic  gas  is  gradually  decomposed  by  oxygen, 
with  the  formation  of  water  :  iodine  is  liberated. 

The  solution  of  this  acid  in  water  may  be  obtained  by  transmitting 
hydrosulphuric  acid  gas  tlirough  water  in  which  iodine  is  suspended  : 
the  iodine  combines  with  the  hydrogen  of  that  compound  and  liberates 
the  sulphur.  The  Hquid  may  afterwards  be  warmed  to  expel  the  ex- 
cess of  hydrosulphuric  acid,  and  filtered.  It  is  colourless  at  first,  but 
in  a  few  hours  becomes  red,  owing  to  the  decomposition  of  hydriodic 
acid  by  the  oxygen  of  the  air,  and  solution  of  the  iodine  in  the  acid. 

The  solution  has  its  maximum  boiling  point,  which  Hes  between 
257°  and  262°,  when  of  sp.  gr.  1.7,  according  to  Gay-Lussac. 
Nitric  and  sulphuric  acids  decompose  it,  and  are  decomposed  them- 
selves with  the  formation  of  water ;  the  starch  test  then  indicates  free 
iodine. 

Iodic  acid;  166.36  or  2079.5  ;  IO5.— Iodine  does  not  afford  a 
peculiar  acid  compound  with  red  oxide  of  mercury  and  those  metallic 
oxides  which  yield  free  hypochlorous  acid  with  chlorine.  Nor  is  it 
absorbed,  like  chlorine,  by  hydrate  of  Hme  or  alkaline  solutions,  to 
form  a  class  of  bleaching  salts.  Such  compounds  are  wanting  in  the 
series  of  oxides  of  iodine,  which  is  Hmited  to  hypoiodic,  iodic,  and  per- 
iodic acids.  Sementini  imagined  that  he  had  formed  inferior  oxides 
of  iodine,  but  he  is  evidently  mistaken.  The  iodate  of  soda  combines 
with  iodide  of  sodium  in  several  proportions,  one  of  wliich  was  sup- 
posed by  Mitscherlich,  wheii  he  discovered  it,  to  be  an  iodite  of  soda ; 
but  that  this  is  a  double  salt  of  the  constitution  first  mentioned 
is  more  probable. 

A  few  grains  of  iodic  acid  may  easily  be  prepared  by  the  method  of 
Mr.  Connel,  which  consists  in  heating  the  most  concentrated  nitric 
acid,  free  from  nitrous  vapour,  upon  a  Httle  iodine,  in  a  wide  glass 
tube,  and  allowing  the  liquid  to  cool ;  the  iodine  is  oxidated  at  the 
expense  of  the  nitric  acid,  and  the  greater  part  of  the  iodic  acid  is  de- 
posited in  crystals.  When  a  larger  quantity  is  required,  a  convenient 
process  is  to  form,  in  the  first  place,  an  iodate  of  soda,  as  suggested 
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by  Liebig.  An  ounce  or  two  of  iodine  in  powder  may  be  suspended 
in  a  pound  of  water,  with  occasional  agitation,  and  a  stream  of  chlo- 
rine be  passed  through  till  the  whole  iodine  is  dissolved.  Carbonate 
of  soda  is  then  added  to  the  liquid,  wliich  is  of  a  brown  colour  and 
strongly  acid,  till  it  becomes  slightly  alkaline,  when  a  large  precipi- 
tation of  iodine  occurs,  which  may  be  separated  and  collected  on 
a  filter.  Tliis  iodine  may  be  suspended  in  water,  and  exposed  to  a 
stream  of  chlorine  as  before. 

5C1  and  5H0  and  I  =  5HC1  and  IO5. 

The  filtered  solution  contains  iodate  of  soda  and  chloride  of 
sodium,  with  a  trace  of  carbonate,  which  may  be  neutralized  by  hy- 
drocliloric  acid.  On  afterwards  adding  cliloride  of  barium  to  the  fil- 
tered solution,  so  long  as  a  precipitate  is  produced,  the  whole  iodic 
acid  is  thrown  down  as  iodate  of  baryta,  which  may  be  collected  on 
a  filter  and  dried.  This  iodate  is  anhydrous,  and  may  be  decom- 
posed completely,  by  boiling  9  parts  of  it  for  half  an  hour  with  2 
parts  of  oil  of  vitriol,  diluted  with  10  or  12  parts  of  water.  The 
liberated  iodic  acid  dissolves,  and  being  separated  from  the  sulphate  of 
baryta  by  filtration,  is  obtained  as  a  crystalline  mass  when  evaporated 
to  dryness  by  a  gentle  heat. 

This  acid  is  also  prepared  very  easily,  according  to  M.  Millon,  by 
digesting  iodine  in  a  mixture  of  nitric  acid  and  cldorate  of  potash ; 
the  proportions  recommended  are  4  of  iodine,  7.5  chlorate  of  potash, 
10  of  nitric  acid,  and  40  of  water.  The  iodic  acid  is  afterwards  pre- 
cipitated in  the  form  of  iodate  of  baryta,  as  in  the  preceding  process, 
the  iodate  of  baryta  then  decomposed  by  sulphuric  acid. 

Iodic  acid  crystallizes  from  a  strong  solution,  as  a  hydrate,  HO.IO5, 
in  large  and  transparent  crystals,  which  are  six-sided  tables.  This  acid 
is  not  sublimed,  but  decomposed  into  iodine  and  oxygen,  by  a  high  tem- 
perature, without  any  formation  of  periodic  acid.  Another  definite 
hydrate  of  iodic  acid  was  obtained  by  M.  Millon,  containing  only 
one-third  of  an  equivalent  of  water,  by  maintaining  the  protohydrate 
at  a  temperature  of  266°  (130°  C),  so  long  as  it  continued  to  lose 
weight.  It  is  also  formed  when  the  protohydrate  is  mixed  with  an 
excess  of  anhydrous  alcohol.  By  drying  either  of  these  hydrates  at 
338°  (170°  C),  iodic  acid  is  obtained  entirely  anhydrous  (IO5). 

Iodic  acid  is  very  soluble  in  water ;  and  after  reddening,  bleaches 
litmus  paper.  It  oxidates  all  metals  with  whicli  it  has  been  tried, 
except  gold  and  platinum.      It  is  deoxidized  by  sulphurous  acid 
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and  hydrosulplmric  acid,  and  iodine  liberated,  but  an  excess  of  sul- 
phurous acid  causes  the  iodine  again  to  disappear  as  hydriodic  acid, 
water  being  decomposed  by  the  simultaneous  action  of  sulphurous 
acid  and  iodine  upon  its  elements.  Iodic  acid  is  easily  decomposed 
by  heat,  disengaging  oxygen  and  vapours  of  iodine.  It  is  soluble  in 
water,  alcohol,  and  ether. 

lodates. — The  salts  of  iodic  acid  have  a  general  resemblance  to 
the  chlorates ;  when  thrown  upon  burning  embers  they  euHven  the 
combustion,  but  with  less  vivacity  than  chlorates.  The  iodate  of 
potash  is  converted  by  heat  into  iodide  of  potassium  and  oxygen ;  so 
that  the  composition  of  iodic  acid  may  be  determined  from  that 
of  iodate  of  potash,  in  the  same  manner  as  the  composition  of  cliloric 
acid  is  determined  from  that  of  chlorate  of  potash.  The  iodate  of 
soda,  however,  loses  iodine  as  well  as  oxygen,  when  heated,  and  a 
yellow,  sparingly  soluble,  alkaline  matter  remains,  which  Liebig  sup- 
poses to  contain  the  salt  of  an  iodous  acid,  resolvable  into  an  iodate 
and  iodide  by  solution  in  water,  but  which  requires  further  investi- 
gation. The  iodates  of  metallic  protoxides,  with  the  exception  of  the 
potash  family,  are  all  sparingly  soluble  or  insoluble  salts.  The  iodate 
of  Hme  contains  water,  and  when  heated  affords  no  iodide  of  calcium, 
but  caustic  lime. 

Fixed  acids,  which  have  little  affinity  for  water,  such  as  iodic  acid, 
appear  often  to  combine  in  several  proportions  with  oxides  of  the 
potash  family.  The  ordinary  biniodate  of  potash  contains  I  eq.  of 
basic  water,  but  at  a  high  temperature  it  is  made  anhydrous,  and  then 
a  salt  remains  containing  2  eq.  of  acid  to  1  of  potash.  Mr.  Penny 
has  crystallized  a  biniodate  and  teriodate  of  soda,  both  anhydrous. 

Iodic  acid  likewise  combines  with  other  acids.  These  compounds 
generally  precipitate  in  a  crystalline  form,  when  another  acid  is  added 
to  a  hot  and  concentrated  solution  of  iodic  acid.  Compounds  of  sul- 
phuric, nitric,  phosphoric,  and  boracic  acids,  with  iodic  acid,  have  been 
formed.  It  has  been  observed  by  M.  Millon,  that  when  the  compound 
with  sulphuric  acid  is  submitted  to  heat,  oxygen  is  evolved,  and  a  hypo- 
iodic  acid  or  peroxide  of  iodine  formed,  of  which  the  formula  is  IO4. 
There  is  formed  besides  in  this  decomposition,  according  to  M.  Millon, 
a  peculiar  double  acid,  which  may  be  considered  a  compound  of 
iodous  and  hypo-iodic  acid,  having  for  formula  410^  +  IO3.  When 
vegetable  acids  are  dissolved  in  iodic  acid,  they  are  immediately  de- 
composed by  it,  carbonic  acid  being  disengaged  with  effervescence,  and 
iodine  precipitated. 
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Periodic  acid,  Pe/ita-iodic  acid ;  18^.36  ^/- 2279.5;  10^. — This 
acid,  which  was  discovered  by  Magnus  and  Ainmermuller,  is  formed 
by  transmitting  a  current  of  chlorine  through  a  sohition  of  iodate  of 
soda,  to  which  a  portion  of  carbonate  is  added,  and  the  whole  main- 
tained in  constant  ebulHtion.  On  allowing  the  solution  to  cool,  a 
basic  periodutc  of  soda  is  deposited  in  tufts  of  silky  crystals,  and  the 
chloride  of  sodium,  formed  at  the  same  time,  retained  in  solution. 
This  basic  ])eriodate  of  soda,  which  is  almost  insoluble  in  cold  water, 
is  dissolved  in  nitric  acid,  and  nitrate  of  silver  added,  which  throws 
down  a  basic  periodate  of  silver,  also  of  sparing  solubihty.  The  last 
salt  may  be  washed,  and  afterwards  dissolved  in  boiling  nitric  acid, 
and  the  solution  on  cooling  yields  orange-yellow  crystids  of  neutral 
periodate  of  silver.  It  is  remarkable  that  when  these  crystals  are 
thrown  into  water  they  are  decomposed,  the  whole  oxide  of  silver  pre- 
cipitating with  half  the  periodic  acid,  as  the  former  basic  periodate, 
while  half  of  the  acid  is  dissolved  by  the  water  without  a  trace  of  silver, 
and  obtained  in  a  state  of  purity.  This  solution  when  evaporated 
affords  periodic  acid  in  crystals,  which  are  unalterable  in  the  air,  and 
of  which  the  solution  in  water  is  not  changed  by  ebulhtion.  The 
crystals  fuse  about  266°  (130°  C).  The  solution,  treated  with  hy- 
drochloric acid,  affords  chlorine  and  iodic  acid,  water  being  formed. 
Periodic  acid  is  resolved  into  oxygen  and  iodine  by  a  high  tcm^ 
perature. 

Periodates. — Besides  neutral  salts  of  this  acid,  subsalts  of  the 
potash  family  exist  which  contain  two  of  base  to  one  of  acid.  The 
sparing  solubility  of  the  basic  salt  of  soda  is  the  most  remarkable 
character  of  periodic  acid.  True  subsalts  of  the  potash  family  aro 
so  extremely  unusual,  that  it  is  more  probable  that  periodic  acid 
forms  a  second  and  bibasic  class  of  salts,  to  which  they  belong."^  The 
periodates  are  decomposed  by  heat  like  the  iodates,  but  yield  more 

oxygen. 

Iodide  of  nitrofjen. — Dry  iodine  and  ammonia  unite  directly,  and 
form  a  bro\vn  liquid,  of  which  the  formula  is  3(H3N).l2.  But  when 
dif'ested  in  the  solution  of  ammonia,  iodine  acts  upon  that  substance 
as'^chlorine  does,  and  forms  an  insoluble  black  powder,  which  is 
powerfully  detonating,  and  analogous  to  the  chloride  of  nitrogen.  The 
iodide  detonates  more  easily,  but  less  violently,  than  the  chloride,  al- 
ways exploding  spontaneously  when  it  dries.     Another  process  is  to 

*  Poggendorff's  Auualeu,  ixviii.  514. 
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mix  a  great  excess  of  ammonia  with  a  saturated  solution  of  iodine  in 
alcohol,  and  afterwards  to  add  water  so  long  as  iodide  of  nitrogen 
precipitates.  The  filter  with  the  humid  precipitate  should  be  divided 
into  several  pieces,  otherwise  the  whole  may  explode  at  once  upon 
drying. 

Although  named  the  iodide  of  nitrogen,  this  substance  contains 
hydrogen  as  a  constituent,  according  to  the  observations  of  M.  Bineau, 
and  may  be  represented  by  I2HN ;  or  ammonia  in  which  2  eqs.  of 
hydrogen  are  replaced  by  2  eqs.  of  iodine.  The  same  substance  is 
represented  by  Millon,  as  I3N+2H3N. 

When  caustic  soda  is  added  to  the  solution  of  iodine  in  alcohol  or 
wood-spirit,  a  yellow  substance  of  a  saffron  odour  precipitates,  which 
was  supposed  at  one  time  to  be  the  periodide  of  carbon,  but  is  really 
iodoform,  of  which  the  formula  is  C2HI3.  No  true  iodide  of  carbon 
is  known. 

Iodide  of  sidjyhur. — This  compound  is  formed  by  fusing  together 
4  parts  of  iodine  and  1  of  sulphur.  It  has  a  radiated  crystalline 
structure,  but  its  elements  are  easily  disunited,  the  iodine  escaping 
entirely  from  this  compound  when  it  is  left  exposed  in  the  air. 

Iodides  of  j)hosj)horus, — Iodine  appears  to  combine  with  phos- 
phorus in  several  proportions,  when  they  are  brought  in  contact  and 
slightly  heated.  In  all  these  combinations  the  mass  becomes  hot 
Avithout  inflaming,  if  the  phosphorus  is  not  at  the  same  time  in  con- 
tact with  air.  One  part  of  phosphorus  with  6,  12,  and  20  parts  of 
iodine,  forms  fusible  solids,  which  may  be  subhmed  without  change, 
but  which  are  decomposed  by  water,  all  of  them  yielding  hydriodic 
acid,  and  the  first  affording,  besides  phosphorus  and  phosphorous 
acid,  the  second  phosphorous  acid,  and  the  third  phosphoric  acid. 

Chlorides  of  iodine. — Chlorine  is  readily  absorbed  by  dry  iodine ; 
when  the  latter  is  in  excess,  a  protochloride,  ICl,  appears  to  be 
formed ;  and  when  the  chlorine  is  in  excess,  a  terchloride,  ICI3. 

Berzelius  produced  the  protocliloride  by  distilling  a  mixture  of  1  part 
of  iodine  with  4  parts  or  more  of  chlorate  of  potash.  There  is  formed  in 
the  retort  a  mixture  of  iodate  and  perchlorate  of  potash,  at  the  same  time 
that  oxygen  gas  is  disengaged,  and  the  chloride  of  iodine  is  produced, 
which  condenses  in  the  receiver.  Tliis  compound  is  a  yeUow  or  red- 
dish liquid,  of  an  oily  consistence,  of  a  sharp  and  peculiar  odour,  and 
taste  which  is  feebly  acid,  but  very  astringent  and  rough.  It  is 
soluble  in  water  and  alcohol ;  and  ether  extracts  it  from  its  aqueous 
solution  unaltered,  so  that  it  is  not  decomposed  by  water. 
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When  iodine  is  saturated  with  clilorine,  it  forms  a  compound 
which  is  solid  and  crystalhzable,  and  of  a  yellow  colour ;  fusible  by 
heat,  but  which  cannot  be  subhmed  without  loss  of  chlorine.  It 
fumes  in  air,  and  has  an  acrid  odour.  When  this  terchloride  of 
iodine  is  dissolved  in  water,  and  the  solution  saturated  with  carbonate 
of  soda,  chloride  of  sodium  is  formed,  and  some  iodate  of  soda ;  while 
at  the  same  time  a  large  quantity  of  iodine  precipitates.  By  the 
continued  action  of  chlorine  upon  iodine  in  a  considerable  quantity 
of  water,  the  Kquid  becomes  at  last  entirely  colourless,  and  then 
contains  nothing  but  hydrochloric  and  iodic  acids. 

Bromides  of  iodine, — Iodine  Hkewise  forms  two  bromides,  which 
are  both  soluble  in  water.  The  solution  bleaches  Htmus  paper 
without  first  reddening  it. 
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Eq.  18.70  or  233-8  j  F;  density  {hypothetical)  1292;    |    |    | 

This  elementary  body  is  most  frequently  found  in  the  mineral 
kingdom  in  combination  with  calcium,  as  fluoride  of  calcium,  which 
constitutes  the  mineral  fluor-spar;  it  exists  in  small  quantity  in 
amphibole,  mica,  and  most  of  the  natural  phosphates :  a  trace  of  it 
also  occurs  in  the  enamel  of  the  teeth,  and  in  the  bones  of  animals. 
Of  all  bodies,  fluorine  appears  to  possess  the  most  powerful  and 
general  affinities,  and  to  be,  therefore,  the  most  difficult  to  isolate 
and  preserve  for  the  study  of  its  properties.  Indeed,  we  have  hitherto 
learned  little  more  of  fluorine  than  that  it  exists  and  may  be  isolated. 
Several  of  its  compounds,  however,  are  of  less  difficult  preparation, 
and  weU  known. 

Sir  H.  Davy  made  several  attempts  to  isolate  fluorine.  He  ex- 
posed the  fluoride  of  silver  in  a  glass  tube  to  gaseous  chlorine,  at  a 
high  temperature,  and  found  that  cliloride  of  silver  was  produced, 
and  fluorine  therefore  liberated ;  but  it  was  absorbed  and  replaced  by 
oxygen,  which  it  disengaged  from  the  silica  and  soda  of  the  glass. 
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When  Davy  repeated  the  same  experiment  m  a  platinum  vessel,  the 
metal  became  covered  with  fluoride  of  platinum.  He  proposed 
afterwards  to  construct  vessels  of  fluor  spar  for  the  reception  of  the 
fluorine,  which  he  expected  to  disengage  from  the  fluoride  of  phos- 
phorus by  burning  it  in  oxygen  gas ;  but  he  does  not  appear  to  have 
carried  this  project  into  execution.  The  Messrs.  Knox  and  M. 
Louyet  have  announced  that  they  have  separated  fluorine  from  the 
fluorides  of  silver  and  mercury,  by  treating  these  bodies  with  clilorine 
or  iodine  in  vessels  of  fluor-spar,  when  fluorine  was  disengaged  in 
the  form  of  a  colourless  gas.  Gold  and  platinum  did  not  appear  to 
be  acted  upon  by  fluorine,  except  when  it  was  in  the  nascent  state. 

No  compound  of  fluorine  and  oxygen  is  yet  known,  but  a  com- 
pound of  fluorine  and  hydrogen  is  easily  formed,  and  is  of  importance 
from  its  applications. 
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Schwankhardt,  of  Nuremberg,  observed  in  1670,  that  it  was  pos- 
sible to  etch  upon  glass  by  means  of  fluor-spar  and  sulphuric  acid, 
but  it  was  not  till  1771  that  Scheele  referred  this  action  to  a  parti- 
cular acid  which  sulphuric  acid  disengaged  from  fluor-spar.  Wenzel 
first  obtained  the  true  hydrofluoric  acid,  exempt  from  silica,  by  pre- 
paring it  in  proper  metallic  vessels ;  the  acid  collected  by  Scheele 
being  the  fluosihcic,  and  not  the  hydrofluoric.  The  preparation  and 
properties  of  the  pure  acid  were  more  fully  studied  by  Gay-Lussac 
and  Thenard  in  1810.  It  was  then  known  as  fluoric  acid,  and  was 
supposed,  according  to  the  doctrine  of  the  day,  to  contain  oxygen. 
The  idea  of  its  being  a  hydrogen  acid  was  first  suggested,  a  few 
years  afterwards,  by  M.  Ampere,  whose  views  in  theoretical  chemistry 
were  often  marked  by  much  acuteness  and  originality.  The  view  of 
Ampere  was  generally  assented  to,  and  is  confirmed  by  the  isomorphism 
of  the  fluorides  with  the  chlorides,  bromides,  and  iodides,  observed 
by  M.  Louyet. 

Prej)aration, — To  obtain  hydrofluoric  acid,  a  specimen  of  fluor 
spar  is  selected,  free  from  sihceous  minerals  and  galena;  this  is 
reduced  to  an  impalpable  powder,  and  distilled  in  a  retort  of  lead 
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(fig.  150),  by  a  gentle  heat,  such  as  that  of  an  oil-bath,  with  twice  its 

weight  of  highly  concentrated  oil  of 
vitriol.  The  materials  become  viscid 
and  swell  considerably,  and  an  acid 
vapour  distils  over,  which  is  even  more 
acrid  and  suffocating  than  chlorine, 
and  produces  severe  sores  if  allowed  to 
condense  upon  the  hands  of  the  ope- 
rator. This  vapour  is  received  in  a 
bent  tube,  likewise  of  lead,  used  as  a 
receiver,  and  kept  cold  by  a  freezing  mixtui-e,  in  which  the  hydrofluoric 
acid  condenses  without  the  presence  of  water.  The  acid  thus  obtained 
may  be  preserved  in  vessels  of  platinum  or  gold,  provided  with 
stoppers  of  the  same  metal  which  fit  accurately ;  or  in  vessels  of  lead 
formed  without  tin  solder,  tin  being  rapidly  acted  upon  by  hydro- 
fluoric acid.  If  a  dilute  solution  of  this  acid  in  water  is  required, 
the  extremity  of  the  leaden  tube,  from  the  retort,  may  be  allowed  to 
touch  the  surface  of  water  in  a  platinum  crucible  or  capsule,  by 
which  the  acid  vapour  is  readily  condensed ;  and  the  dilute  acid  may 
be  preserved,  without  much  contamination,  in  a  glass  bottle  which 
has  been  previously  heated,  and  coated  internally  with  melted  bees^ 
wax. 

Fluor  spar,  which  is  employed  in  this  operation,  is  the  fluoride  of 
calcium,  upon  which  the  action  of  hydrated  sulphuric  acid  is  similar 
to  its  action  upon  chloride  of  sodium,  when  hydrochloric  acid  is 
produced.  "Water  is  decomposed,  by  the  hydrogen  and  oxygen  of 
which  the  fluorine  and  calcium  are  converted  respectively  into  hydro- 
fluoric acid  and  lime,  the  former  coming  ofi"  as  vapour,  while  the 
latter  remains  in  the  retort  as  sulphate  of  lime.     In  symbols — 

CaP  and  H0.S03  =  Hr  and  CaO.SOg. 

Properties, — The  acid  Kquid  obtained  by  the  preceding  process, 
which  has  hitherto  been  considered  as  the  anhydrous  acid,  is, 
according  to  M.  Louyet,  a  hydrate.  Distilled  with  anhydrous 
phosphoric  acid,  it  loses  water,  and  gives  rise  to  a  colourless  gas, 
fuming  in  air  like  hydrochloric  acid,  which  is  the  true  anhydrous 
hydrofluoric  acid.  M.  Louyet  finds  this  gaseous  acid  to  have  no 
sensible  action  upon  dry  glass. 

The  former  product  is  a  colourless,  fuming,  and  very  volatile 
liquid,  boiling  not  much  above  60° ;  and  which  does  not  freeze  at  4°. 
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Its  sp.  gr._,  which  is  1-0609,  is  increased  to  1*25  by  the  addition  of 
a  certain  quantity  of  water,  for  which  it  has  an  intense  affinity. 
Hydrofluoric,  like  hydrochloric  acid,  dissolves  the  more  oxidable 
metals  with  the  evolution  of  hydrogen  gas.  Mixed  with  nitric  acid, 
it  dissolves  ignited  siUcon  and  titanium,  with  disengagement  of  nitric 
oxide ;  but  that  acid  mixture  has  no  action  upon  the  nobler  metals, 
such  as  gold  and  platinum,  which  are  dissolved  by  aqua  regia. 
Several  insoluble  acid  bodies,  which  are  not  acted  on  by  sulphuric, 
nitric,  or  hydrochloric  acid,  are  dissolved  with  facility  by  hydrofluoric 
acid ;  such  as  silica,  titanic,  tantahc,  molybdic  and  tungstic  acids. 
Water  is  then  formed  from  the  oxygen  of  these  acids  and  the 
hydrogen  of  hydrofluoric  acid,  and  fluorides  of  silicon  or  of  the 
metals  of  the  acids  enumerated  are  likewise  produced;  which 
fluorides  appear  to  combine  with  undecomposed  hydrofluoric  acid, 
when  water  is  present.  This  acid  destroys  glass  by  acting  upon  its 
silica.  If  a  drop  of  the  concentrated  acid  be  allowed  to  fall  upon  a 
glass  plate,  it  becomes  hot,  enters  into  ebullition  and  volatihzes  in  a 
thick  smoke,  leaving  the  spot  with  which  it  was  in  contact  deeply 
corroded,  and  covered  by  a  white  powder  composed  of  the  elements 
of  the  glass,  excepting  a  portion  of  the  sihca,  which  has  passed  off  as 
gaseous  fluoride  of  silicon. 

The  diluted  solution,  or  the  vapour  of  hydrofluoric  acid,  is  sometimes 
used  to  etch  upon  glass.  The  purity  of  the  acid  being  of  little 
moment  in  this  appHcation  of  it,  the  sulphuric  acid  and  fluor  spar  may 
be  mixed  in  a  stone-ware  evaporating  basin.  The  glass  is  warmed 
sufficiently  to  melt  bees'  wax  rubbed  upon  it,  and  thereby  covered 
with  a  coating  of  that  substance,  which  is  afterwards  removed  from 
the  parts  to  be  etched,  by  a  pointed  rod  of  lead  or  tin,  employed  as 
a  graver.  A  gentle  heat  being  applie^d  to  the  basin,  acid  fumes  are 
evolved,  to  which  the  etched  surface  of  the  glass  is  exposed  for  a 
minute  or  two,  care  being  taken  not  to  melt  the  wax.  The  wax  is 
afterwards  removed  by  warming  the  glass,  and  wiping  it  with  tow  and 
a  little  oil  of  turpentine,  when  the  exposed  Knes  are  found  engraved 
to  a  depth  proportional  to  the  time  they  have  been  exposed  to  the 
acid  fumes.  But  in  taking  impressions  upon  paper  from  glass  plates 
engraved  in  this  way,  as  from  a  copper-plate,  they  are  too  apt  to  be 
broken  from  the  pressure  applied  in  printing. 

To  discover  the  minute  quantity  of  hydrofluoric  acid  which  exists 
in  many  minerals,  Berzelius  recommends  that  the  substance  to  be 
examined  be  reduced  to  fine  powder  and  mixed  with  concentrated 
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sulphuric  acid,  in  a  platinum  crucible  covered  by  a  small  plate  of 
glass,  waxed  and  engraved  as  described.  The  crucible  is  then  exposed 
to  a  gentle  heat,  insufficient  to  melt  tlie  wax,  and,  in  half  an  hour, 
the  glass  plate  may  be  removed  and  cleaned.  If  the  mineral  sub- 
mitted to  the  test  contains  fluorine,  the  design  will  be  perceived  upon 
the  glass ;  when  the  quantity  of  fluorine,  however,  is  very  small,  the 
engraving  does  not  appear  immediately,  but  becomes  visible  on 
passing  the  breath  over  the  glass.  The  presence  of  siHca  in  the 
mineral  interferes  with  this  operation,  but  an  indication  may  then  be 
obtained  by  heating  a  fragment  of  the  mineral  to  redness  upon  a 
piece  of  platinum  foil  shpt  into  a  glass  tube,  8  or  10  inches  in  length, 
and  open  at  both  ends.  The  tube  is  held  obHquely  with  the  mineral 
near  the  lower  end,  and  so  that  part  of  the  vapour  from  the  flame 
passes  up  the  tube.  The  moisture  thus  introduced  carries  away 
the  gaseous  fluoride  of  silicon,  and  condenses  in  drops  in  the  upper 
part  of  the  tube.  These  drops,  when  afterwards  evaporated,  in  drying 
the  tube,  leave  a  white  spot,  which  consists  of  silica,  coming  from 
the  decomposition  of  the  fluoride  of  silicon  by  the  water  with  which 
it  condensed,  (Berzelius). 

Fluoride  ofhor  on,  fluohoric  acid ;  67*0  or  837'5  ;  BFg. — This 
compound  is  gaseous,  and  is  obtained  when  dry  boracic  acid  is  brought 
in  contact  with  concentrated  hydrofluoric  acid ;  when  boracic  acid  is 
ignited  with  fluor  spar ;  and  most  conveniently  by  heating  together 
in  a  glass  retort,  1  part  of  vitrified  boracic  acid  in  fine  powder,  2  of 
fluor  spar,  and  12  of  concentrated  sulphuric  acid,  although  this 
process  does  not  give  it  free  from  fluosilicic  acid.  The  reaction  by 
which  the  fluoboric  acid  is  then  produced  may  be  thus  expressed — 

3CaE  and  BO3  and  3(HO.S03)  =3(CaO.S03)  and  3H0  and  Br3. 

Fluoboric  acid  gas  has  no  action  upon  glass,  and  may  be  collected 
in  glass  vessels  over  mercury.  It  is  colourless,  but  produces  thick 
fumes  when  allowed  to  escape  into  the  atmosphere.  Its  density 
according  to  Dr.  J.  Davy  is  2371,  and  2312  according  to  Dumas, 
who  finds  1  volume  of  this  gas  to  contain  l^-  vol.  of  fluorine.  Fluo- 
boric gas  is  not  decomposed  by  iron  and  the  ordinary  metals,  even  at 
a  bright  red  heat,  but  on  the  contrary,  potassium,  with  the  metals  of 
the  alkalies  and  alkaline  earths,  decomposes  it  at  a  red  heat ;  boron 
is  liberated  by  potassium,  and  a  double  fluoride  of  boron  and  potas- 
sium also  formed.  Water  absorbs  fluoboric  acid  gas  with  the  greatest 
avidity,  taking  up,  according  to  J.  Davy,  700  times  its  volume,  which 
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Fig.  151. 


increases  its  bulk  considerably,  and  raises  its  density  to  1*77.  Sul- 
phuric acid  can  dissolve  50  times  its  volume  of  the  fluoride  of  boron. 
The  most  ready  mode  of  preparing  the  aqueous  solution  of  this  acid 
is  to  dissolve  crystallized  boracic  acid  in  hydrofluoric  acid.  The 
acid  is  extremely  caustic  and  corrosive,  charring  and  destroying  wood 
and  organic  matters,  when  concentrated,  hke  sulphuric  acid,  probably 
from  its  avidity  for  moisture. 

A  dilute  solution  of  fluoride  of  boron  undergoes  spontaneous  de- 
composition, according  to  Berzelius,  depositing  one  fourth  of  its 
boron  in  the  form  of  boracic  acid,  which  crystallizes  at  a  low  tem- 
perature; while  a  compound  of  hydrofluoric  acid  and  fluoride  of 
boron  remains  in  solution,  which  he  termed  hiidrofluohoric  acid. 
The  fluoride  of  boron  has  a  great  disposition  to  form  double  fluorides, 
and  acts  upon  basic  metallic  oxides  like  the  following  compound. 

Fluoride  of  silicon,  fluosilicic  acid ;  11  Ah  or  968.12 ;  Si  Y^. — 
This  gas  is  obtained  in  the  following  manner : — Equal  parts  of  fluor 
spar  and  broken  glass  or  quartzy  sand,  in  fine  powder,  are  mixed  in  a 

glass  flask  a  (fig.  151),  to  be  used  as 
a  retort,  with  six  parts  of  concentrated 
sulphuric  acid,  and  stirred  well  together. 
A.  disengagement  of  gas  immediately 
takes  place,  and  the  mass  swells  up 
considerably.  After  a  time,  a  gentle 
heat  is  required  to  aid  the  operation. 
Pluosilicic  gas  is  collected  over  mer- 
cury. In  its  physical  characters  it 
resembles  fluoboric  gas.  It  is  colour- 
less and  fumes  in  air ;  it  extinguishes 
bodies  in  combustion,  and  does  not 
attack  glass.  Its  density  is  3574  according  to  J.  Davy,  and  3600 
according  to  Dumas ;  it  contains  twice  its  volume  of  fluorine. 

In  transmitting  this  gas  into  water,  the  tube  must  not  dip  in  the 
fluid,  for  it  would  speedily  be  choked  by  the  deposition  of  silica  pro- 
duced by  the  action  of  water  upon  the  gas.  In  the  arrangement 
figured,  the  extremity  of  the  exit  tube  is  covered  by  a  small  column 
of  mercury  w^,  in  the  lower  part  of  the  jar,  through  which  the  gas 
passes  before  it  reaches  the  water  w.  Every  bubble  of  gas  exhibits  a 
remarkable  phenomenon,  as  it  enters  the  water,  becoming  invested 
with  a  white  bag  of  silica,  which  rises  to  the  surface.  It  often  happens, 
in  the  course  of  the  operation,  that  the  gas  forms  tubes  of  silica  in 


FLUOSILICIC  ACID.  509 

the  water,  through  which  it  gains  the  surface  witliout  decomposition, 
if  they  are  not  broken  from  time  to  time.  When  water  is  completely 
saturated  with  the  fluoride  of  silicon,  it  has  taken  up  about  once  and 
a  half  its  weight,  and  is  a  gelatinous,  semi-transparent  mass,  which 
fumes  in  the  air.  The  liquid  contains  two  equivalents  of  water  to 
one  of  the  original  fluoride  of  silicon  :  but  one  third  of  the  fluoride 
has  been  decomposed  by  the  water  and  converted  into  hydrofluoric 
acid  and  silica.  The  hydrofluoric  acid  and  fluoride  of  silicon,  in 
solution,  were  supposed  to  be  in  combination  by  Berzelius,  forming 
SHE  +  2SiF3,  which  was  termed  by  him  hydrojluosilicic  acid.  When 
this  liquid  is  placed  in  a  moderately  warm  situation,  the  whole  of  it 
gradually  evaporates ;  the  free  hydrofluoric  acid  reacting  upon  the 
deposited  silica,  with  formation  of  water,  and  fluoride  of  silicon  being 
revived. 

The  most  remarkable  property  of  the  fluoride  of  siHcon  is  to  pro- 
duce, with  neutral  salts  of  potash,  soda  and  lithia,  precipitates  which 
are  gelatinous,  and  so  transparent  as  to  be  scarcely  visible  at  first  in 
the  liquid ;  and  with  salts  of  baryta,  a  white  and  crystalline  precipi- 
tate, which  appears  in  a  few  seconds.  It  is  often  employed  to 
decompose  a  salt  of  potash,  for  the  purpose  of  isolating  its  acid.  It 
also  serves  to  distinguish  salts  of  baryta  from  salts  of  strontia;  the 
salts  of  baryta  producing  with  this  acid  a  salt  scarcely  soluble  in 
water,  while  the  salts  of  strontia  are  not  precipitated. 

Almost  all  the  basic  metalhc  oxides  decompose  this  acid,  when 
they  are  employed  in  excess,  separating  silica,  and  giving  rise  to 
metallic  fluorides.  When,  on  the  other  hand,  no  more  of  the  base 
is  applied  than  the  quantity  required  to  neutralize  the  free  hydro- 
fluoric acid,  combinations  are  obtained  with  all  bases,  which  are 
analogous  to  double  salts ;  consisting  of  a  metallic  fluoride  combined 
with  fluoride  of  silicon,  the  proportion  of  the  latter  containing  twice 
as  much  fluorine  as  the  former.  The  formula  of  one  of  these  com- 
pounds,  the  double  fluoride  of  silicon  and  potassium,  is  SSiPg  +  SKF ; 
and  those  of  other  metals  are  similar.  The  ratio  of  2  to  3,  in  the 
equivalents  of  the  two  fluorides  which  form  these  double  salts,  is 
unusual.  But  the  double  fluorides  in  question  may  be  represented 
by  single  equivalents  of  fluoride  of  silicon  and  metallic  fluoride,  as 
was  suggested  by  Dr.  Clark,  by  adopting  the  low  equivalent  of 
siHcon  ]2.6,  when  siHca  is  made  to  consist  of  1  equivalent  of  silicon 
and  2  equivalents  of  oxygen,  and  the  fluoride  of  silicon  of  1  equiva- 
lent of  silicon  and  2  equivalents  of  fluorine. 
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Geneeal  Observations. 

The  metallic  class  of  elements  is  considerably  more  numerous  than 
the  non-metallic  class^  embracing  forty-eight  elementary  bodies.  Of 
these  seven  only  were  known  to  the  ancients,  and  of  the  remainder, 
a  large  proportion  are  of  recent  discovery.  Their  names  and  their 
densities,  when  accurately  determined,  with  the  dates  and  authors  of 
their  discovery,  are  contained  in  the  following  table,  compiled  cliiefly 
from  the  work  of  Dr.  Turner : — 


Table  of  Metals, 


Name. 

Density. 

Dates  and  Authors  of  the  Discovery. 

Gold 

Silver 

Iron  

Copper 

Mercmy 

Lead    

Tin 

Antimony .... 

Bismuth 

Zinc 

19-257  Brisson,  to  19-361"! 
10-474,  ditto 

7-778,  ditto 

8-895,  Hatchett  - 

13-596,  at  32°  Regnault 
11-352,  Brisson 

7-291,  ditto J 

6-702,  ditto    

9-822,  ditto    

6-861  to  7-1,  ditto 

5-884,  Turner   ...      ") 

Known  to  the  Ancients. 

1490,  described  by  Basil  Valentine. 

1530,  described  by  Agricola. 

16th  century,  first  mentioned  by  Paracel- 

1733,  Brandt.                                   I^^^^' 

1741,  Wood,  assay-master,  Jamaica. 

1751,  Cronstedt. 

1774,  Gahu  and  Scheele. 

1781,  D'Elhuyart. 

1782,  Muller. 
1782,  Hielm. 
1789,  Klaproth. 
1791,  Gregor. 
1797,  Vauquelin. 

1802,  Hatchett. 

1803,  Wollaston. 

1803,  DescotUs  and  Smithsoa  Tennant. 
1803,  Smithson  Tennant. 

Arsenic 

Cobalt 

8-538,  Haiiy    j 

20-336  Brisson,  to  22-069  . 

8-279,  Richter   

7-500     

17-6,      D'Elhuyart 

6-115,  Klaproth 

7-400,  Hielm 

9-000,  Bucholz  

5-3,      Wollaston   

5-9,      

ii-3  to  li-8,Woilaston  .*.'.'  \ 

10-649  } 

18-680 

Platinum 

Nickel 

Manganese  ... 

Tungsten 

Tellurium .... 
Molybdenum  . 

Uranium 

Titanium 

Chromium  ... 

Tantalum 

Palladium 

Rhodium 

Iridium  

Osmium 

10-0     

GENERAL  OBSERVATIONS. 
Table  o/'ife^^/*— continued. 
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Name. 

Density. 

Dates  and  Authors  of  the  Discovery. 

Cerium 

Potassium .... 

Sodium 

Barium 

Strontium  — 

Calcium  

Cadmium 

Lithium  

Zirconium .... 
Aluminum  ... 

Glucinum 

Yttrium  

Thorium 

Magnesium . . . 

Vanadium 

Lantanum 

Didymium  ... 

Erbium    

Terbium 

Ruthenium  ... 
Pelopium  .... 
Niobium 

1804,  Hisinger  and  Berzelius. 

1807,  Davy. 

1818,  Stromcver. 
1818,  Arfwcdson. 
1824,  Berzelius. 

1828,  Wohler. 

1829,  Berzelius. 

1829,  Bussy. 

1830,  Sefstrom. 
1839,  Mosander. 

Since  1840,  Mosander. 

1844,  Klaus. 

1845,  H.  Rose. 

0865  ■)  Gay  Lussac  and"^ 
0-972)      Thenard 

8-g64,  Stromeyer  "..'."..".... 

"^ 

.              \ 

:  5 



'■ . . 

'^ 

.  .          :  f 

: :        5 
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Of  the  physical  properties  of  metals  and  their  combinations  with 
each  other,  the  most  characteristic  is  their  lustre  and  power  to  reflect 
much  of  the  light  which  falls  upon  them, — a  property  exhibited  in  a 
high  degree  by  burnished  steel,  speculum  metal,  and  the  reflecting 
surface  of  mercury  in  gltss  mirrors.  Metals  are  also  remarkable  for 
their  opacity,  although  they  have  a  certain  degree  of  transparency  in 
a  highly  attenuated  state,  as  fine  gold-leaf  allows  light  of  a  green 
colour  to  pass  through  it.  They  are  pecuharly  the  conductors  of 
electricity,  and  also  the  best  conductors  of  heat.  The  most  dense 
substances  in  nature  are  found  among  the  metals,— gold,  for  instance, 
being  upwards  of  nineteen,  and  laminated  platinum  twenty-two  times 
heavier  than  an  equal  bulk  of  water.  But  some  of  the  metals,  not- 
withstanding, are  very  light,  potassium  and  sodium  floating  upon 
the  surface  of  water. 

Certain  metals  possess  a  valuable  property,  malleahility ,  depending 
upon  a  high  tenacity  with  a  certain  degree  of  softness ;  particularly 
gold,  silver,  copper,  tin,  platinum,  palladium,  cadmium,  lead,  zinc, 
iron,  nickel,  potassium,  sodium,  and  solid  mercury.  These  metals 
may  aU  be  hammered  out  into  plates,  or  even  into  thin  leaves.  In 
zinc  this  property  is  found  in  the  highest  degree  between  300°  and 
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400°,  and  in  iron  at  a  degree  of  temperature  exceeding  a  red  heat. 
The  same  metals  are  likewise  ductile^  or  may  be  drawn  into  wires, 
although  the  ductility  of  different  metals  is  not  always  proportional 
to  their  malleability,  iron  being  highly  ductile,  although  it  cannot  be 
beaten  into  very  tliin  leaves.  By  a  peculiar  method,  Dr.  WoUaston 
formed  gold  wire  so  small  that  it  was  only  1-5 000th  of  an  inch  in 
diameter,  and  550  feet  of  it  were  required  to  weigh  one  grain.  He 
also  obtained  a  wire  of  platinum  not  more  than  l-30,000th  of  an 
inch  in  diameter^.  The  tenacity  of  different  metals  is  determined 
by  ascertaining  the  weight  required  to  break  wires  of  them  having 
the  same  diameter.  Iron  appears  to  possess  that  property  in  the 
greatest,  and  lead  in  the  least  degree.  It  has  been  observed  by  M. 
Baudrimont  that  the  tenacity  of  wires  of  iron,  copper,  and  brass,  is 
much  injured  by  annealing  themf.  A  few  of  the  malleable  metals 
can  be  welded ^  or  portions  of  them  joined  into  one  by  hammering 
them  together.  Pieces  of  iron  or  platinum  may  be  united  in  this 
manner  at  a  bright  red  heat,  and  fragments  of  potassium  may  be 
made  to  adhere  by  pressing  them  together  with  the  hand  at  the  tem- 
perature of  the  air.  Many  metals  are  only  malleable  in  a  low  degree, 
and  some  are  actually  brittle, — such  as  bismuth,  antimony,  and  arsenic. 
Tlie  metals,  with  the  exception  of  mercury,  are  all  soHd  at  the 
temperature  of  the  air,  but  they  may  be  liquified  by  heat.  Their 
points  of  fusion  are  very  different,  as  will  appear  from  the  following 
table : 


Table  of  the  Fusibility  of  different  Metals. 


Fahe.  Different  Chemists. 

Mercury — 39° 

SodiuT!!'/.".".".'//.'.'.;";::".".".     190  ]  ^ay-Lussac  and  Thenard. 

Tin    442 

Bismuth    497   [■  Crichton. 

Lead 612 

Fusible  below  a  -K  Tellurium  —  rather     less 

red  heat.  fusible  than  lead    Klaproth. 

Arsenic — ^undetermined. 

Zinc  773      Daniell. 

Antimony — a  little  below 

a  red  heat. 
Cadmium  442      Stromeyer. 


\  Cric 


*  Philosophical  Transactions,  1813. 
t  Annales  de  Chim.  et  de  Phys.  Ix.  78, 


[n  fusible  below 
a  red  heat. 
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Table  of  the  Fusibility  of  different  Metals — continued. 

Fahr.  Different  Chemists. 

fSilver 1873°) 

Copper  1996   f  Daaiell. 

Gold  2016  ) 

Cobalt — rather  less  fusible 

than  iron. 
Iron,  cast  27S6      Daniell. 

Manganesr    ^..'.'''.      \    ^^"^""S ^^^  highest  heat  of  a  smith's  forge. 

Nickel — nearly  the  same  as  cobalt. 

Palladium. 

Molybdenum   ")  Almost  infusible,  and  not  to ")  ,^    .,  i    .   <•       *i- 
TT„„:.:. (      I J  :    I ...xi.  -  u  .  f  Fusible  before  the  oxi- 


Molybdeuum   ")  Almost  mfusible,  and  not  to ")  ,^    .,  i    .   <•       *i- 

Uranium {      be  procured  in  buttons  by  {  ^"^'^  ^  ^^f^r^  ^^«  .«^' 

Tungsten  . . . .  )      the  heat  of  a  smith's  forge,  j      ^y'^''"^^^  blow-p.pe. 
Chromium  ..."^ 
Titanium  ....  j 

Cerium    

Osmium I  Infusible  in  the  heat  of  a  smith's  forge,  but  fusible 

Iridium  j      before  the  oxi-hydrogen  blow-pipe. 

Rhodium 

Platinum  .  ...  } 
Columbium...J 

The  metallic  elements  are,  in  general,  highly  fixed  substances, 
although  it  is  probable  that  all  of  them  may  be  dissipated  at  the 
highest  temperatures.  The  following  metals  are  so  volatile  as  to  be 
occasionally  distilled, — cadmium,  mercury,  arsenic,  tellurium,  sodium, 
potassium,  and  zinc. 

All  the  metals  are  capable  of  uniting  with  oxygen,  but  they  differ 
greatly  from  each  other  in  their  affinity  for  that  element.  The  greater 
number  of  them  absorb  oxygen  from  dry  air  at  the  usual  temperature, 
and  undergo  oxidation,  which  is  only  shght  and  superficial  in  many, 
when  they  are  in  mass,  but  may  be  complete  and  perfect  in  the  same 
metals,  when  they  are  highly  divided,  and  in  a  favourable  state  for 
combination,  as  in  the  lead  and  iron  pyrophorus  exposed  to  air. 
The  same  metals  exhibit,  at  a  high  temperature,  a  more  intense 
affinity  for  oxygen,  and  combine  with  the  phenomena  of  combustion. 

The  metals  have  been  arranged  in  six  groups  or  sections,  differing 
in  their  degrees  of  oxidability :  1.  Metals  which  decompose  water 
even  at  32°,  with  hvely  effervescence — namely,  potassium,  sodium, 
lithium,  barium,  strontium,  calcium.  2.  Metals  which  do  not  de- 
compose water  at  32°,  like  the  metals  of  the  preceding  class ;  they 
do  not  decompose  it  with  a  hvely  effervescence,  except  at  a  temperature 
approaching  212°,  or  even  higher,  but  always  much  below  a  red  heat. 
In  this  class  are  found  magnesium,  glucinum,  aluminum,  zirconium, 
thorium,  yttrium,  cerium,  and  manganese.     3    Metals  which  do  not 

2  L 
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decompose  water  except  at  a  red  heat,  or  at  the  ordinary  temperature 
with  the  presence  of  strong  acids.  This  section  comprehends  iron, 
nickel,  cobalt,  zinc,  cadmium,  tin,  chromium,  and  probably  vanadium. 
Iron  is  rapidly  corroded  in  water  containing  carbonic  acid,  with  the 
evolution  of  hydrogen.  4.  Metals  which  decompose  the  vapour  of 
water  at  a  red  heat  with  considerable  energy,  but  which  do  not  de- 
compose water  in  presence  of  the  strong  acids.  They  are  tungsten, 
molybdenum,  osmium,  tantalum,  titanium,  antimony,  and  uranium. 
These  metals  appear  to  be  incapable  of  decomposing  water  in  contact 
with  acids,  because  their  oxides  have  but  a  small  basic  power,  being, 
indeed,  bodies  which  are  ranked  among  the  acids.  5.  Metals  of 
which  the  oxides  are  not  decomposed  by  heat  alone,  and  which  de- 
compose water  only  in  a  feeble  manner  and  at  a  very  high  temperature. 
They  are  also  distinguished  from  the  preceding  class  by  their  tendency 
to  form  basic  and  not  acid  oxides.  These  metals  are  copper,  lead, 
and  bismuth.  6.  Metals  of  which  the  oxides  are  reducible  by  heat 
alone  at  a  temperature  more  or  less  elevated :  these  metals  do  not 
decompose  water  in  any  circumstances.  They  are  mercury,  silver, 
palladium,  platinum,  gold,  and  probably  rhodium  and  iridium.*  It 
is  to  be  remarked  of  nearly  all  the  metals  which  decompose  the  vapour 
of  water,  and  consequently  separate  hydrogen  from  oxygen  at  a  certain 
temperature,  that  their  oxides  are  reduced,  notwithstanding,  with  great 
facility  by  hydrogen  gas,  and  within  the  same  limits  of  temperature. 
This  anomalous  result  has  already  been  adverted  to  in  regard  to  iron 
(p.  225). 

Of  the  non-metallic  elements,  hydrogen  only  forms  an  oxide 
capable  of  uniting  as  a  base  with  acids.  It  is  a  general  character  of 
the  metals,  on  the  contrary,  to  form  such  oxides,  if  tellurium  be 
excepted,  which  is  more  analogous  in  its  chemical  properties  to  sul- 
phur than  to  the  metals.  Hence,  as  the  former  class  are  principally 
salt-iadicals,  the  latter  are  principally  basyls. 

The  protoxides  of  metals  are  uniformly  and  strongly  basic,  but 
this  feature  becomes  less  distinct  in  their  superior  oxides,  and  passes 
into  the  acid  character  in  the  high  degrees  of  oxidation  of  which 
some  metals  are  susceptible.  Thus,  of  manganese,  the  protoxide  is 
a  strong  base ;  the  sesquioxide  basic,  but  in  a  less  degree  than  the 
protoxide ;  the  binoxide  indifferent ;  and  the  still  higher  oxides  are 
the  manganic  and  permanganic  acids,  which  are  respectively  iso- 

*  Regnault,  Annales  de  Chim.  et  de  Phys.  hii.  368. 
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morphous  with  sulphuric  and  perchloric  acids.  A  few  metals  which 
have  lio  protoxides^  such  as  arsenic  and  antimony,  are  most 
remarkable  for  the  acids  they  form  with  oxygen,  and  thus  more 
resemble  in  their  chemical  history  the  elements  of  the  non-metallic 
class.  It  is,  indeed,  impossible  to  draw  an  exact  line  of  demarcation 
between  the  two  classes  of  elements,  either  with  reference  to  their 
physical  or  chemical  properties. 

Besides  combining  with  oxygen,  metals  combine  with  sulphur, 
chlorine,  and  with  other  salt-radicals,  whether  simple  or  compound ; 
and  hence  sulphides,  chlorides,  and  numerous  other  series  of  metallic 
compounds.  Of  these  series  the  sulphides  most  resemble  the  cor- 
responding oxides  of  the  same  metals ;  the  chlorides  and  other  series 
partake  more  strongly  of  the  saline  character.  Each  metal,  or  class 
of  metals,  affects  combination  with  oxygen  in  certain  proportions, 
and  combines  also  with  sulphur,  chlorine,  &c.  in  the  same  propor- 
tions. Hence,  given  the  formulae  of  the  oxides  of  a  metal,  the  for- 
mulae of  its  sulphides,  chlorides,  &c.  may  generally  be  predicated,  as 
they  correspond  with  the  former.  Thus  the  oxides  of  iron  being 
TeO  and  re203,  the  sulphides  are  FeS  and  ^62  83^  and  the  chlorides 
EeCl  and  re2Cl3 ;  the  oxides  of  arsenic,  or  arsenious  and  arsenic 
acids,  being  AsOg  and  AsOg,  the  sulphides  of  that  metal  are  ASS3 
and  AsSg,  and  the  chlorides  AsClg  and  AsClg.  But  sometimes 
a  metal  unites  with  sulphur  in  more  ratios  than  with  oxygen  ;  both 
iron  and  arsenic,  for  example,  possessing  each  a  sulphide  to  which 
they  have  no  corresponding  oxide,  namely,  iron  pyrites  and  realgar, 
of  which  the  formulae-  are  PeS^  and  ASS2.  The  potassium  family  of 
metals  combine  also  with  three  and  five  equivalents  of  sulphur, 
without  all  uniting  with  oxygen  in  such  high  proportions.  Again, 
certain  metals  of  the  magnesian  and  its  allied  famihes,  such  as  man- 
ganese and  chromium,  form  acid  compounds  with  oxygen,  to  which 
no  corresponding  sulphides  exist,  such  as  manganic  and  chromic 
acids,  MnOg  and  CrOg.  But  the  circumstance  that  these  acids  are 
isomorphous  with  sulphuric  acid,  and  the  metals  they  contain  iso- 
morphous  with  sulphur,  appears  to  be  a  sufficient  reason  why  there 
should  not  be  similar  sulphur  acids.  The  chlorides  of  a  metal 
generally  correspond  in  number,  as  they  always  do  in  composition, 
with  the  oxides ;  in  some  cases  they  are  less  numerous,  but  never,  I 
believe,  more  numerous  than  the  oxides  of  the  same  metal. 

Combination  takes  place  within  a  series ;  that  is,  oxides  combine 
with  oxides,  sulphides  with  sulphides.     Those  members  of  the  same 
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series  which  differ  greatly  in  chemical  characters  boiiig  most  disposed 
to  combine  together, — as  oxygen  acids  with  oxygen  bases,  sulphur 
acids  with  sulphur  bases.  Chlorides  also  combine  with  chlorides, 
to  form  double  chlorides,  and  iodides  with  iodides. 

Compounds  belonging  to  different  series,  on  the  contrary,  do  not 
in  general  combine  together,  but  often  mutually  decompose  each 
other  when  brought  into  contact.  Thus  hydrochloric  acid  and 
potash  do  not  unite,  one  belonging  to  the  chlorine  and  the  other  to 
the  oxygen  series,  hut  form  water  and  chloride  of  potassium,  by 
mutual  decomposition,  as  explained  in  the  following  diagram  : — 

Before  decomposition.  After  decomposition. 

Hydrochloric  (Hydrogen -^ Water 

acid  i  Chlorine  .. 


Potash       (0^^'"   • 
C  r  otassium 


Chloride  of  Potassium 


In  the  same  manner,  sesqui-oxide  of  iron,  when  dissolved  in  hydro- 
chloric acid,  produces  water  and  a  perchloride  of  iron  corresponding 
with  the  peroxide : — 

3HC1  and  ^e^  O3  =  3H0  and  l\  CI3. 

And  in  all  cases  when  a  metallic  oxide  dissolves  in  hydrochloric 
acid,  without  evolution  of  chlorine,  the  chloride  produced  necessarily 
corresponds  with  the  oxide  dissolved.  Again,  orpiment,  or  sulph- 
arsenious  acid,  does  not  combine  with  potash,  when  dissolved  in  that 
alkaline  oxide,  the  first  being  a  sulphur  and  the  second  an  oxygen 
compound,  but  gives  rise  to  the  formation  of  certain  proportions  of 
arsenious  acid  and  sulphide  of  potassium  :  — 

Before  decomposition.  After  decomposition. 

Sulpharsenious  r  Arsenic       . ^Arsenious  acid. 

acid  i  3  Sulphur  .       ^^^^ 

\  3  Potassium  ^^^  3  Sulphide  of  potassium. 

Two  pairs  of  compounds  of  different  series,  then,  co-exist  in  the 
liquid,— an  oxygen  acid,  arsenious  acid,  which  unites  with  the  oxygen 
base,  potash,  and  a  sulphur  base,  sulphide  of  potassium,  which  unites 
with  undecomposed  sulpharsenious  acid.  Hence  the  result  of  dis- 
solving orpiment  in  potash  is  the  decomposition  of  both  compounds 
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and  formation  of  two  salts  of  different  series,  arsenite  of  potash  and 
sulpharsenite  of  sulpliide  of  potassium. 

The  union  of  metalUc  compounds  of  the  oxygen  and  sulphur 
series  is  a  rare  occurrence.  But  the  red  ore  of  antimony  is  such  a 
combination,  and  oxisulphides  of  mercury  also  exist.  Compounds  of 
metallic  oxides  with  metallic  chlorides,  and  with  other  highly  saline 
binary  compounds,  are  more  frequent ;  but  they  are  not  to  be  placed 
in  the  same  category  with  the  compounds  of  individuals  both  belonging 
to  the  same  series,  which  last  are  neutral  stdts.  For  a  metallic  oxi- 
chloride  may  generally,  if  not  always,  be  viewed  as  a  chloride  to 
which  a  certain  proportion  of  metallic  oxide  is  attached,  like  constitu- 
tional water  in  a  hydrated  salt.  That  metallic  oxide  is  Hkewise 
always  of  the  magnesian  class,  or  of  a  class  aUied  to  it.  Oxichlorides 
are  then  to  be  associated  with  those  salts  of  oxygen-acids  usually  de- 
nominated subsdts  (page  194) ;  the  oxichlorides  of  lead  and  of 
copper, — 

PbCl  +  3PbO  and  CuCl+CuO, 

with  the  subacetates  and  subsulphates  of  the  same  metals. 

Arran(jeme7it  of  metallic  eiements. — A  distribution  of  the  metals 
into  three  classes  is  generally  made,  composed  respectively  of  the  me- 
tals of  the  alkalies  and  alkaline  earths,  the  metals  of  the  earths,  and 
the  metals  proper.  The  latter  class  again  is  subdivided,  according 
to  the  affinity  of  the  metals  contained  in  it  for  oxygen,  into  two 
groups — the  noble  and  conunon  metals  j  the  oxides  of  the  former,  such 
as  gold,  silver,  &c.,  abandoning  their  oxygen  at  a  high  temperature, 
while  the  oxides  of  the  latter,  lead,  copper,  &c.,  are  undecomposable 
by  heat  alone.  In  treating  of  the  metals,  I  shall  introduce  them  in 
the  order  which  appears  to  facilitate  most  the  study  of  their  combina- 
tions, with  a  general  reference  to  this  classification.  Tor  subdivisions, 
I  shall  avail  myself  of  the  natural  families  into  which  the  elemeots 
have  been  arranged  (page  168),  which  have  the  advantage  of  bringing 
together  those  metals  of  which  the  compounds  are  most  frequently 
isomorphous.  The  different  metals  will  therefore  be  grouped  under 
the  following  orders  : — 

I.  Metallic  bases  of  the  alkalies — three  metals  : — 

Oxides. 

Potassium    ....         Potash. 
Sodium         ....         Soda. 
Lithium       ....         Lithia. 
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II.  Metallic  bases  of  the  alkaline  earths — four  metals  : — 


Barium 
Strontium     . 
Calcium 
Magnesium  . 


Oxides. 

Baryta. 
Strontia. 
Lime. 
Magnesia. 


III.  Metallic  bases  of  the  earths  proper — seven  metals  : — 


Aluminum 

Glucinum 

Zirconium 

Yttrium 

Terbium 

Erbium 

Thorium 


Oxides. 

Alumina. 

Glucina. 

Zirconia. 

Yttria, 

Terbia. 

Erbia. 

Thorina. 


lY.  Metals  proper,  of  which  the  protoxides  are  isomorplious  with 
magnesia — eight  metals : — 


Manganese. 

Zinc. 

Iron. 

Cadmium 

Cobalt. 

Copper. 

Nickel. 

Lead. 

V.  Other  metals  proper  having  isomorphous  relations  with  the 
magnesian  family — seven  metals  : — 


Tin. 

Titanium. 
Chromium. 
Yanadium. 


Tungsten. 

Molybdenum. 

Tellurium. 


VI.  Metals  isomorphous  with  phosphorus— three  metals  :  — 

Arsenic.  Bismuth. 

Antimony. 

VII.  Metals  proper,  not  included  in  the  foregoing  classes,   of 
which  the  oxides  are  not  reduced  by  heat  alone — eight  metals  : — 


Uranium. 
Cerium. 
Lantanum. 
Didjmium. 
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Titanium. 

Tantalum  or  Columbium. 

Pelopium. 

Niobum. 


YIII.  Metals  proper,  of  which  the  oxides  are  reduced  to  the  me- 
tallic state  by  heat  (noble  metals) — three  metals : — 


Mercury. 
Silver. 


Gold. 


IX.  Metals  found  in  native  platinum  (noble  metals) — six  metals: — 


Platinum. 

Palladium. 

Iridium. 


Osmium. 

Rhodium. 

Eutheuium. 


ORDER  I. 

METALLIC  BASES  OF  THE  ALKALIES. 

SECTION    I. 

POTASSIUM. 

8yn,  Kalium.     Eq,  39  or  487.5;  K. 

The  alkalies  and  earths  have  long  been  named  and  distinguished 
from  each  other,  but  they  were  not  known  to  be  the  oxides  of  pecu- 
liar metals  till  a  recent  period.  The  terms  appUed  to  the  new 
metallic  bases  are  formed  from  the  names  of  their  oxides,  as  potassium 
from  potash,  and  calcium  from  calx,  a  name  sometimes  given  to  lime ; 
wliile  the  original  names  of  the  oxides  are  still  retained,  as  those  of 
ordinary  objects,  and  not  superseded  by  appellations  indicating  their 
relation  to  the  metals,  such  as  oxide  of  potassium  for  potash,  or  oxide 
of  calcium  for  lime. 

Preparation. — In  1807,  Sir  H.  Davy  made  the  memorable  dis- 
covery that  potash  is  resolved  by  a  powerful  voltaic  battery  into 
potassium  and  oxygen.     He  placed  a  moistened  fragment  of  hydrate 
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of  potash  on  mercury,  introducing  the  terminal  wire  from  the  zinc 
extremity  of  an  active  battery  (the  chloroid)  into  the  fluid  metal, 
and  touching  the  potash  with  the  other  terminal  wire  (the  zincoid) ; 
bubbles  of  oxygen  gas  appeared  at  the  latter  wire,  and  potassium  was 
liberated  at  the  former,  and  dissolving  in  the  mercury,  was  protected 
from  oxidation  by  the  air.  To  effect  this  decomposition,  Davy 
employed  a  battery  of  200  pairs  of  four-inch  plates ;  but  an  amalgam 
of  potassium  may  be  as  readily  obtained  by  a  more  simple  voltaic 
apparatus,  in  the  manner  described  at  page  289.  These  processes, 
however,  afford  potassium  only  in  minute  quantity.  Soon  after  the 
existence  of  this  metal  was  known,  Gay-Lussac  and  Thenard  dis- 
covered that  potash  is  decomposed  by  iron  at  a  white  heat,  and  they 
contrived  a  process  by  which  a  more  abundant  supply  of  the  metal 
was  obtained.  It  was  afterwards  noticed  by  Curaudau,  that  potash, 
like  the  oxides  of  common  metals,  is  decomposed  by  charcoal  as  well 
by  iron,  which  is  the  basis  of  the  process  for  potassium  now  always 
followed. 

This  interesting  process  is  described  by  Mitscherlich,  as  it  is  suc- 
cessfully pursued  in  Germany.  Whenever  charcoal  is  used  to  deprive 
a  metallic  oxide  of  its  oxygen,  the  former  must  be  in  a  state  of 
minute  division,  and  be  intimately  mixed  with  the  latter.  Carbonate 
of  potash  requires  this  precaution  the  more,  that  it  fuses  at  a  red 
heat,  and  is  thus  apt  to  separate  from  the  charcoal,  and  sink  below 
it.  It  is  found  that  the  best  means  to  obtain  a  proper  mixture  of 
these  substances  is  to  calcine  a  salt  of  potash  containing  a  vegetable 
acid,  which  leaves  a  large  quantity  of  charcoal  when  decomposed. 
Crude  tartar  (bitartrate  of  potash)  is  preferred,  and  for  one  operation 
six  pounds  of  that  salt  are  ignited  in  a  large  crucible  or  melting-pot 
provided  with  a  lid,  so  long  as  combustible  gases  are  disengaged. 
The  crucible  is  then  withdrawn  from  the  fire,  and  is  found  to  contain 
a  black  mass,  which  is  the  mixture  of  charcoal  and  carbonate  of 
potash,  known  as  black  flux.  It  is  reduced  to  powder,  while  still 
warm,  and  immediately  mixed  with  about  ten  ounces  of  wood- 
charcoal  in  small  pieces,  or  in  a  coarse  powder,  from  which  the 
dust  has  been  separated  by  a  sieve.  The  use  of  this  additional 
charcoal  is  to  act  as  a  sponge,  and  absorb  the  potash  when  liquefied 
by  heat.  The  mixture  is  introduced  into  a  bottle  of  wrought  iron, 
and  a  mercury  bottle  (page  293)  answers  well  for  the  purpose,  but 
must  be  heated  to  redness  before  hand,  to  expel  a  little  mercury 
that  remains  in  it.     The  mouth  of  the  bottle  is  enlarged  a  little  by 
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means  of  a  round  file,  and  a  straight  iron  tube  of  4  or  5  inches  in 
length  fitted  into  the  opening,  by  grinding.  The  bottle  and  tube 
thus  form  a  retort,  which  is  supported  horizontally  in  a  brick 
furnace,  as  represented  (fig.  152)  in  which  a  is  the  iron  bottle  resting 


Fig.  152. 


upon  two  bars  of  iron  o  o,  to  which  it  may  also  be  firmly  bound  by 
iron  wire.  These  bars  cross  the  furnace  at  a  height  of  5  or  6  inches 
above  the  grate-bars.  A  mixture  of  equal  parts  of  coal  and  coke 
makes  an  excellent  fuel  for  this  furnace.  The  tube  h  of  the  bottle 
projects  through  an  aperture  in  the  side-wall  of  the  furnace,  and 
enters  a  receiver  of  a  peculiar  construction  required  to  condense  the 
potassium,  which  distils  over.  This  receiver  is  composed  of  two 
separate  copper  cylinders  or  oval  boxes,  hard  soldered,  similar  in 
form  and  size,  which  are  represented  in  section  (fig.  153),  the 
one,  h  n  d,  being  introduced  within  the  other, 
ff  h  kj  and  thus  forming  together  a  vessel  of 
which  b  n  d  is  the  cover.  It  wiU  also  be  ob- 
served that  b  d  is  divided  into  two  cells  by  a 
diaphragm,  i,  of  the  same  length  as  the  cylinder, 
and  descending  with  it  to  within  two  inches  of 
the  bottom,  h,  oiyhk.  A  ribbon  of  copper,  g, 
is  soldered  around  b  n  d,  so  as  to  form  a  ledge, 
which  is  seen  in  both  figures,  and  serves  as  a  support  for  a  cage  of 
iron-wire,  c  d,  placed  over  the  receiver  during  the  distillation,  to  hold 


Fig.  153. 
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ice,  and  also  to  shed  the  water  from  the  liquefaction  of  that  ice, 
which  falls  into  a  tray,  p,  below,  and  flows  off  by  the  tube,  /.  The 
cover  has  also  two  short  copper  tubes,  d  and  h,  of  which  the  copper 
of  h  is  notched  so  as  to  clasp  firmly  by  its  elasticity  the  tube  h  from 
the  iron  bottle,  wliich  is  fitted  into  it.  The  other  tube,  d,  which  is 
exactly  opposite  to  h,  is  fitted  with  a  cork,  and  the  diaphragm,  iy  has 
a  small  hole  in  it  to  allow  of  a  rod  being  passed  through  h  and  d. 
In  the  same  part  of  the  apparatus  is  a  third  opening,  to  which  a 
glass  tube,  Xy  is  fitted  by  a  cork,  for  the  escape  of  uncondensible 
gases.  The  receiver  is  filled  to  about  one-third  with  rectified 
petroleum,  a  Hquid  containing  no  oxygen,  so  as  to  come  nearly  to, 
but  not  to  cover,  the  bottom  of  the  partition,  i.  The  length  of  the 
bottle  is  11  inches,  its  width  4,  and  the  other  parts  of  the  apparatus 
are  designed  upon  the  same  scale. 

Potassium  and  carbonic  oxide  gas  are  the  principal  products 
of  the  decomposition  of  the  carbonate  of  potash,  but  other  sub- 
stances besides  these  are  found  in  the  receiver;  namely,  a  black 
mass  very  rich  in  potassium,  some  oxalate  and  croconate  of  potash 
and  free  potash,  with  a  portion  of  charcoal  powder  carried  over 
mechanically.  Part  of  these  products  appears  to  be  formed,  after  the 
reduction  of  the  potassium,  by  the  mutual  reaction  of  that  metal, 
carbonic  oxide  and  petroleum.  The  process  is  found  to  succeed 
best  when  the  iron  tube,  h,  is  so  short  that  it  can  be  maintained  at  a 
red  heat  through  its  whole  length  during  the  operation,  while  the 
receiver  is  kept  at  a  very  low  temperature ;  the  potassium  then  falls 
from  the  tube,  drop  by  drop,  into  the  receiver,  and  does  not  remain 
long  in  contact  with  carbonic  oxide,  which  is  known  to  combine 
readily  with  that  metal.  One  or  two  other  points  should  always  be 
attended  to.  The  connexion  between  the  tube  h  and  the  receiver 
is  not  made  till  the  iron  bottle  has  been  heated  to  redness,  to  allow 
of  the  escape  of  a  Kttle  water,  and  of  a  trace  of  mercury,  which  had 
remained  in  the  bottle  in  the  state  of  vapour,  and  which  come  off 
first.  The  joining  of  the  tube  h  is  not  air-tight  at  first,  and  allows  a 
little  potassium  vapour  to  escape,  but  this  bums  and  forms  potash, 
which  immediately  closes  the  openings.  This  tube  being  always  in- 
candescent and  the  refrigeration  properly  made,  the  reduction  some- 
times proceeds  without  interruption.  But  the  tube  is  sometimes 
obstructed,  as  appears  by  the  gases  ceasing  to  escape  by  x.  Haste 
must  then  be  made  to  open  the  tube  J,  and  to  clear  it  by  means  of  a 
flattened  iron  rod,  /,  shghtly  hooked  at  its  anterior  extremity.     Care 
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has  been  taken  to  mark  on  this  rod,  with  the  scratch  of  a  file,  how 
far  it  has  to  penetrate  into  the  apparatus  to  reach  the  mouth  of  the 
bottle,  and  it  must  not  be  introduced  farther.  The  current  of  air 
through  the  furnace  is  regulated  by  a  register  valve  in  the  chimney, 
and  the  fire  stirred  frequently  so  as  to  prevent  the  formation  of 
cavities ;  the  operator  being  guided  in  the  management  of  the  fire 
by  the  rapidity  of  the  current  of  gas  which  escapes  by  the  tube  x. 
To  terminate  the  operation,  the  grate  bars  may  be  thrown  down,  by 
which  the  fuel  will  fall  into  the  ash-pit.  The  quantity  of  crude 
tartar  mentioned  yields  about  4  ounces  of  potassium,  which  is  about 
4  per  cent,  of  its  weight.  The  potassium  thus  obtained,  containing 
a  little  carbon  chemically  combined  with  it,  is  submitted,  together 
with  the  black  mass  found  in  the  receiver,  to  a  second  distillation. 
For  this  purpose  a  smaller  iron  bottle  with  a  bent  tube  may  be  em- 
ployed, the  end  of  which  is  covered  by  rectified  petroleum  in  a 
capacious  flask,  used  as  a  receiver."^ 

Properties. — Potassium  is  solid  at  the  usual  temperature,  but  so 
soft  as  to  yield  like  wax  to  the  pressure  of  the  fingers.  A  fresh 
surface  has  a  white  colour,  with  a  shade  of  blue,  like  steel,  but  is 
almost  instantly  covered  by  a  dull  film  of  oxide  when  exposed  to  air. 
The  metal  is  brittle  at  32°,  and  has  been  observed  crystallized  in 
cubes :  it  is  semi-fluid  at  70°,  and  becomes  completely  liquid  at 
150°.  It  may  be  distilled  at  a  low  red  heat,  and  forms  a  vapour  of 
a  green  colour.  Potassium  is  considerably  lighter  than  water,  its 
density  being  0.865  at  60°. 

Potassium  oxidates  gradually  without  combustion  when  exposed 
to  air ;  but  heated  till  it  begins  to  vaporize,  it  takes  fire  and  burns 
with  a  violet  flame.  The  avidity  of  this  metal  for  oxygen  is  strik- 
ingly exhibited  when  a  fragment  of  it  is  thrown  upon  water.  It 
instantly  decomposes  the  water,  and  so  much  heat  is  evolved  as  to 
kindle  the  potassium,  which  moves  about  upon  the  surface  of  the 
water,  burning  with  a  strong  flame,  of  which  the  vivacity  is  increased 
by  the  combustion  of  the  hydrogen  gas  disengaged  at  the  same  time. 
A  globule  of  fused  potash  remains,  which  continues  to  swim  about 
upon  the  surface  of  the  water  for  a  few  seconds,  but  finally  produces 
an  explosive  burst  of  steam,  when  its  temperature  falls  to  a  certain 
point,  illustrating  the  phenomenon  of  a  drop  of  water  on  a  hot  me- 
tallic plate  (page  49.) 

*  Mitscherlich,  Elemens  de  Chimie,  iii.  8. 
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Potassmm  appears  to  have  the  greatest  affinity  of  all  bodies  for 
oxygen  at  temperatures  which  are  not  exceedingly  elevated.  It .  de- 
composes nitrous  and  nitric  oxides,  and  also  carbonic  oxide  gas  at  a 
red  heat,  although  potash  is  reduced  to  the  metallic  state  by  charcoal 
at  a  white  heat.  It  has  already  been  stated  that  the  oxides  and 
fluorides  of  boron  and  siUcon  are  decomposed  by  potassium,  and 
besides  these  elements,  several  of  the  metallic  bases  of  the  earths  are 
obtained  by  means  of  this  metal.  It  is,  indeed,  a  reducing  agent 
of  the  greatest  value. 
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Potash,  or  potasm  ;  KO  ;  590  or  47.26. — Potassium  exposed 
in  thin  sHces  to  dry  air  becomes  a  white  matter,  which  is  the 
protoxide  of  potassium  or  potash.  This  compound  is  fusible  at 
a  red  heat,  and  rises  in  vapour  at  a  strong  white  heat.  It  unites 
with  water,  with  ignition,  and  forms  a  fusible  hydrate,  which  is  the 
ordinary  condition  of  caustic  potash. 

The  hydrate  of  potash  is  obtained  in  quantity  from  the  carbonate 
of  potash.  Equal  weights  of  that  salt  and  of  quicklime  are  taken, 
the  latter  of  which  is  slaked  with  water,  and  falls  into  a  powder  con- 
sisting of  hydrate  of  lime ;  the  former  is  dissolved  in  from  6  to  10 
times  its  weight  of  water,  and  both  boiled  together  for  half  an  hour  in  a 
clean  iron  pan.  The  lime  abstracts  carbonic  acid  from  the  potash,  and 
becomes  carbonate  of  lime ;  a  reaction  which  may  be  illustrated  by 
adding  Hme-water  to  a  solution  of  carbonate  of  potash,  when  a  pre- 
cipitate of  carbonate  of  lime  falls.  When  the  potash  has  been 
deprived  entirely  of  carbonic  acid,  a  little  of  the  clear  Hquid  taken 
from  the  pan  will  be  found  not  to  effervesce  upon  the  addition  of 
an  acid  to  it.  It  is  remarkable  that  the  decomposition  is  never 
complete  if  the  carbonate  of  potash  be  dissolved  in  less  than  the  pre- 
scribed quantity  of  water.  Liebig  has  observed  that  a  concentrated 
solution  of  potash  decomposes  carbonate  of  hme,  and  consequently 
hydrate  of  lime  could  not,  in  the  same  circumstances,  decompose  carbo- 
nate of  potash.  The  pan,  being  covered  by  a  lid,  may  be  allowed  to 
cool ;  when  the  insoluble  carbonate  of  Hme  and  the  excess  of  hydrate 
of  lime  subside,  a  considerable  quantity  of  the  clear  solution  of 
potash  may  be  drawn  off  by  a  syphon,  and  the  remainder  may  be 
obtained  clear  by  filtration.     In  the  latter  operation  a  large  glass 
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funnel  may  be  employed,  to  support  a  filter  of  washed  cotton  calico, 
into  which  what  remains  in  the  pan  is  transferred.  A  small  portion 
of  liquid,  which  passes  through  turbid  at  first,  should  be  returned  to 
the  filter.  As  the  solution  of  potash  absorbs  carbonic  acid,  it  is 
proper  to  conduct  its  filtration  with  as  little  exposure  to  air  as  pos- 
sible; on  which  account  the  mouth  of  the  funnel  should  be 
covered  by  a  plate,  and  the  liquid  which  flows  from  it  be  immediately 
received  in  a  bottle,  in  the  mouth  of  which  the  funnel  may  be  sup- 
ported. The  bottle  in  which  potash  is  preserved  should  not  be  of 
crystal,  or  of  a  material  containing  lead,  as  the  alkali  corrodes  such 
glass,  particularly  when  its  natural  surface  has  been  cut. 

To  obtain  the  solid  hydrate  of  potash,  the  preceding  solution  is 
rapidly  evaporated  in  a  clean  iron  pan  or  silver  basin,  till  an  oily 
liquid  remains  at  a  high  temperature,  which  contains  no  more  than  a 
single  equivalent  of  water.  This  liquid  is  poured  into  cylindrical 
iron  moulds  to  obtain  it  in  the  form  of  sticks,  which  ure  used  by 
surgeons  as  a  cautery,  and  are  the  potassa  or  pot  ass  a  fusa  of  the 
Pharmacopoeia ;  a  form  in  which  it  is  also  convenieiit  to  have  potash 
for  some  chemical  purposes.  The  sticks  generally  contain  a  portion 
of  carbonate  of  potash,  besides  a  little  oxide  of  iron  and  peroxide  of 
potassium,  the  last  of  wliich  gives  occasion  to  the  evolution  of  a 
little  oxygen  gas  when  the  sticks  are  dissolved  in  water.  To  obtain 
hydrate  of  potash  free  from  carbonate,  the  sticks  are  dissolved  in 
alcohol,  in  which  the  foreign  impurities  are  insoluble,  and  the  alco- 
holic solution  is  evaporated  to  dryness. 

The  pure  and  fused  hydrate  of  potash  is  a  solid  white  mass  of  a 
structure  somewhat  crystalline,  of  sp.  gr.  1.706,  fusible  at  a  heat 
under  redness.  It  is  a  protohydrate,  and  cannot  be  deprived  of  its 
combined  water  by  the  most  intense  heat.  It  destroys  animal  tex- 
tures. It  rapidly  deliquesces  in  damp  air,  from  the  absorption  of 
rfioisture :  is  soluble  in  half  its  weight  of  water,  and  also  in  alcohol. 
Mixed  in  powder  with  a  small  quantity  of  water,  it  forms  a  second 
crystalline  combination,  which  is  a  terhydrate ;  and  its  solution  in 
water  affords,  at  a  very  low  temperature,  crystals  in  the  forms  of 
four-sided  tables  and  octohedrons,  which  are  a  pentahydrate, 
K0.H0  +  4H0. 

The  solution  of  potash,  or  potash  ley,  has  a  sHght  but  peculiar 
odour,  characteristic  of  caustic  alkalies,  which  they  acquire  from  their 
action  upon  organic  matter,  derived  from  the  atmosphere  or  other 
sources.     The  skin  and  other  animal  substances  are  dissolved  by 
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this  liquid.  It  is  highly  caustic,  and  its  taste  intensely  acrid.  It 
has  those  properties  which  are  termed  alkaline,  in  an  eminent  degree. 
It  neutraUzes  the  most  powerful  acids,  restores  the  blue  colour  of 
reddened  litmus,  changes  the  blue  infusion  of  cabbage  into  green, 
but  in  a  short  time  altogether  destroys  these  vegetable  colours.  It 
acts  upon  fixed  oils,  and  converts  them  into  soaps,  which  are  soluble 
in  water.  It  absorbs  carbonic  acid  with  great  avidity  from  the  air, 
on  which  account  it  should  be  preserved  in  well-stopped  bottles. 

The  presence  of  free  potash  or  soda,  in  solutions  of  their  carbo- 
nates, may  be  discovered  by  nitrate  of  silver,  the  oxide  of  which  is  pre- 
cipitated of  a  brown  colour  by  the  caustic  alkali,  while  the  white  car- 
bonate of  silver  only  is  precipitated  by  the  pure  carbonated  alkali. 
Potash,  whether  free  or  in  combination  with  an  acid  as  a  soluble  salt, 
may  be  discovered  and  distinguished  from  soda  and  other  substances, 
by  means  of  certain  acids,  &c.,  which  form  sparingly  soluble  com- 
pounds with  that  alkali.  A  strong  solution  of  tartaric  acid  produces 
a  precipitate  of  bitartrate  of  potash,  in  a  liquid  containing  1  per 
cent,  of  any  potash  salt.  The  precipitate  is  crystalline,  and  does  not 
appear  immediately,  but  is  thrown  down  on  stirring  the  liquid 
strongly,  and  soonest  upon  the  lines  which  have  been  described  on 
the  glass  by  the  stirrer.  A  similar  precipitation  is  occasioned  in  salts 
of  potash  by  perchloric  acid.  Also  by  bichloride  of  platinum,  which 
forms  the  double  chloride  of  platinum  and  potassium,  in  granular 
octohedrons  of  a  pale  yellow  colour.  In  the  separation  of  potash 
for  its  quantitative  estimation,  the  last  reagent  is  preferred,  and  is 
added  in  excess  to  the  potash  solution,  together  with  a  few  drops  of 
hydrochloric  acid,  which  is  then  evaporated  by  a  steam  heat  to  dry- 
ness. The  dry  residue  is  washed  with  alcohol,  which  dissolves  up 
everything  except  the  double  chloride  of  platinum  and  potassium. 
Ammonia,  also,  is  thrown  down  by  bichloride  of  platinum  ;  but  when 
the  chloride  of  platinum  and  ammonium  is  heated  to  redness,  nothing 
is  left  except  spongy  platinum,  while  the  chloride  of  platinum  and 
potassium  leaves  all  its  potassium  in  the  state  of  chloride  mixed  with 
the  platinum.  Potash  is  likewise  separated  from  acids  by  means  of 
fluosilicic  acid,  which  throws  down  a  hght  gelatinous  precipitate, 
the  double  fluoride  of  silicon  and  potassium.  Carbazotic  acid  also 
produces  a  yellow  crystalline  precipitate  in  solution  of  potash. 

Salts  of  potash,  more  particularly  the  chloride,  nitrate,  and  car- 
bonate, communicate  to  ;flame  a  pale  violet  tint. 

Potash  is  the  base  which  in  general  exhibits  the  highest  affinity 
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for  acids ;  it  precipitates  lime  and  the  insoluble  metallic  oxides  from 
their  solutions  in  acids.  This  alkali  is  employed  indifferently  with 
soda  for  a  variety  of  useful  purposes.  The  principal  combinations 
of  potash  with  acids  will  be  described  after  the  binary  compounds  of 
potassium. 

Peroxide  of  potassiuniy  KO3. — Heated  strongly  in  air  or  oxy- 
gen, potassium  combines  with  three  equivalents  of  oxygen.  The 
ultimate  residue  on  calcining  nitrate  of  potash  at  a  red  heat  has  been 
said  to  be  the  same  compound,  but  Mitscherlich  finds  that  residue  to 
be  potash.  The  peroxide  of  potassium  is  decomposed  by  water, 
being  converted  into  hydrate  of  potash,  with  evolution  of  oxygen 
gas. 

When  potassium  is  burned  with  an  imperfect  supply  of  air,  a  grey 
matter  is  formed,  which  Berzelius  beheved  to  be  a  suboxide  of  potas- 
sium.    It  is  not  more  stable  than  the  peroxide. 

Sulphides  of  potassium. — Sulphur  and  potassium,  when  heated 
together,  unite  with  incandescence,  and  in  several  proportions,  two 
of  which  correspond  respectively  with  the  protoxide  and  peroxide  of 
potassium.  The  protosulphide  may  be  obtahied  by  transmitting 
hydrogen  gas  over  sulphate  of  potash,  heated  in  a  bulb  of  hard  glass 
to  full  redness,  when  the  whole  oxygen  of  the  salt  is  carried  off  as 
water,  and  the  sulphur  remains  in  combination  with  potassium, 
forming  a  fusible  compound  of  a  light  brown  colour.  Sulphate  of 
potash  calcined  with  one-fourth  of  its  weight  of  pounded  charcoal 
or  pit-coal,  in  a  covered  Cornish  crucible,  at  a  bright  red  heat,  is  con- 
verted into  a  black  crystalline  mass,  which  is  also  protosulphide  of 
potassium,  with  generally  a  small  quantity  of  a  higher  sulphide, 
arising  from  the  combination  of  the  silica  of  the  crucible  with  potash 
of  the  sulphate.  If  lamp-black  be  used  instead  of  charcoal,  the 
sulphide  of  potassium  formed  having  a  great  affinity  for  oxygen,  and 
being  in  a  liighly  divided  state,  takes  fire  when  exposed  to  the  air, 
and  forms  a  pyrophorus.  The  solution  of  the  protosulphide  in  water 
is  highly  caustic ;  it  is  decomposed  by  acids  with  effervescence,  from 
the  escape  of  hydrosulphuric  acid,  but  without  any  deposit  of  sulphur. 
Being  a  sulphur  base,  it  combines  without  decomposition  with  sulphur 
acids. 

This  sulphide  unites  directly  with  hydrosulphuric  acid,  forming 
KS.HS ;  and  the  compound  may  be  otherwise  formed,  namely,  by 
transmitting  a  stream  of  hydrosulphuric  acid  through  caustic  potash, 
so  long  as  the  gas  is  absorbed.      It  is  often  named  the  hihydro- 
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sulphate  of  potash.      It  is  analogous  in  composition  to  hydrate  of 
potash  (KO.HO)  in  the  oxygen  series. 

The  trisulphide  is  formed  when  anhydrous  carbonate  of  potash, 
mixed  with  half  its  weight  of  sulphur,  is  maintained  at  a  low  red  heat 
so  long  as  carbonic  acid  gas  comes  off.  Of  four  proportions  of 
potash,  three  become  sulphide  of  potassium,  while  sulphuric  acid  is 
formed,  which  neutralizes  the  fourth  proportion  of  potash  :  4K0  and 
10S  =  3KS3  and  KO.SO3.  With  carbonate  of  potash  and  sulphur, 
in  equal  weights,  a  similar  action  occurs,  at  a  temperature  above  the 
fusing  point  of  sulphur,  but  five,  instead  of  three,  proportions  of 
sulphur  then  unite  with  one  of  potassium,  and  a  pentasulphide  is 
formed.  With  a  larger  proportion  of  carbonate  of  potash  the  same 
sulphide  is  also  produced,  provided  the  temperature  does  not 
much  exceed  the  boihng  point  of  sulphur,  and  the  excess  of  car- 
bonate fuses  along  with  it,  without  undergoing  decomposition.  A 
sulphide  obtained  by  fusing  sulphur  and  carbonate  of  potash  together 
has  a  liver-brown  colour,  and  hence  its  old  pharmaceutic  name  hepar 
sulphuris.  The  three  sulphides  described  are  deliquescent,  and  are 
all  soluble  in  water,  the  higher  sulphides  giving  red  solutions.  They 
may,  indeed,  be  prepared  by  heating  sulphur,  in  proper  proportions, 
with  caustic  potash.  A  simultaneous  formation  of  hypos ulphurous 
acid  then  occurs,  as  already  explained  (page  415).  The  preparation, 
precipitated  sulphur ^  is  obtained  by  adding  an  excess  of  hydro- 
chloric acid  to  these  solutions,  when  much  sulphur  is  thrown  down, 
although  the  potassium  be  only  in  the  state  of  protosulphide,  for  the 
hydrosulphuric  acid,  arising  from  the  action  of  the  acid  on  that  sul- 
phide, meets  sulphurous  evolved  at  the  same  time  from  the  decomposi- 
tion of  hyposulphurous  acid,  with  the  formation  of  water  and  sulphur. 
The  excess  of  sulphur  in  the  alkaline  sulphide  also  precipitates  at 
the  same  time.  The  peculiar  whiteness  of  precipitated  sulphur  is 
owing,  according  to  Rose,  to  its  containing  a  little  bisulphide  of 
hydrogen. 

Chloride  of  potassium;  eq.  74.5  or  931.25,  KCl. — Formed  by 
the  combustion  of  potassium  in  chlorine,  or  by  neutralizing  hydro- 
chloric acid  by  potash  or  its  carbonate.  It  is  also  derived  in  con- 
siderable quantity  from  kelp  (page  492).  It  crystallizes  in  cubes 
and  rectangular  prisms,  resembles  common  salt  iii  taste,  is  considera- 
bly more  soluble  in  hot  than  in  cold  water.  According  to  the 
observations  of  Gay-Lussac,  100  parts  of  water  dissolve  of  tliis  salt 
29.21  paxts  at  0°C. ;  34.53  paits  at  19°35  ;  43.59  parts  at  52^39  ; 
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50.98  parts  at  79°58,  and  59.26  parts  at  109.6  C.  When  pul- 
verised and  dissolved  in  four  times  its  weight  of  cold  water,  it  pro- 
duces a  depression  of  temperature  of  20  J  degrees ;  while  chloride 
of  sodium,  dissolved  in  the  same  manner,  lowers  the  temperature  only 
3.4  degrees.  Upon  the  difference  between  two  salts  in  this  property, 
M.  Gay-Lussac  founded  a  method  of  estimating  their  proportions  in 
a  mixture.  Chloride  of  potassium  is  principally  consumed  in  the 
manufacture  of  alum.  Eose  observed  that  chloride  of  potassium 
unites  with  anhydrous  sulphuric  acid,  KCI+2SO3.  The  same  salt 
unites  with  tercliloride  of  iodine,  KCI.ICI3. 

Iodide  of  potassium ;  eq.  165.36  or  2067  ;  KI. — This  salt  is 
obtained  by  dissolving  iodine  in  solution  of  potash  till  neutral,  eva- 
porating to  dryness,  and  heating  to  redness,  to  decompose  the  portion 
of  iodate  of  potash  formed.  M.  Treundt  recommends  to  add  a 
little  charcoal  to  the  mixed  iodide  and  iodate.  Iodide  of  potassium 
is  more  soluble  in  water  than  the  chloride,  and  may  be  obtained  in 
cubes  or  rectangular  prisms,  which  are  generally  white  and  opaque, 
and  have  an  alkaline  reaction  from  the  presence  of  a  trace  of  carbo- 
nate of  potash.  Iodide  of  potassium  is  also  dissolved  by  alcohol,  but 
in  a  much  less  proportion  than  by  water.  The  dry  salt  does  not 
combine  with  more  iodine,  but  in  conjunction  with  a  small  quantity 
of  water,  (I  believe  4  equivalents)  it  absorbs  the  vapour  of  iodine 
with  great  avidity,  and  runs  into  a  liquid  of  a  deep  red,  almost  black, 
colour.  According  to  Baup,  a  saturated  solution  of  iodide  of  potassium 
may  dissolve  so  much  as  two  equivalents  of  iodine,  but  allows  one  equi- 
valent to  precipitate  when  diluted.  Iodide  of  potassium,  which  is  often 
called  the  hydriodate  of  potash  y  is  much  used  in  medicine ;  it  is  not 
poisonous  even  in  doses  of  several  drachms.  Its  solution  is  also  em- 
ployed as  a  vehicle  for  iodine  itself,  20  grains  of  iodine  and  30  grains 
of  iodide  of  potassium  being  usually  dissolved  together  in  1  ounce  of 
water.  The  bromide  of  potassium  is  capable  also  of  dissolving  bro- 
mine, but  the  solution  of  chloride  of  potassium  has  no  affinity  for 
chlorine. 

Ferrocyanide  of  potassium.  Yellow  prussiate  of  potash ; 
Ka-reCyg  +  3H0 ;  eq.  184  +  27  or  2300  -|-  337.5.— This  important 
salt  is  formed  when  carbonate  of  potash  is  fused  at  a  red  heat  in  an 
iron  pot,  with  animal  matter,  such  as  dried  blood,  hoofs,  clippings 
of  hides,  &c.,  and  is  the  product  of  a  reaction  to  be  hereafter 
described.  This  salt  occurs  in  a  state  of  great  purity  in  com- 
merce.    It  is  of  a  lemon  yellow  colour,  and  crystallized  in  large  qua- 
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drangular  tables,  with  truncated  angles  and  edges,  belonging  to  the 
square  prismatic  system.  The  crystals  contain  3  equivalents  of  water, 
which  they  lose  at  212°,  are  soluble  in  4  parts  of  cold  and  2  parts  of 
boihng  water,  and  are  insoluble  in  alcohol.  The  taste  of  this  salt  is 
saline,  and  it  is  not  poisonous.  By  a  red  heat  it  is  converted,  with 
escape  of  nitrogen  gas,  into  carburet  of  iron  and  cyanide  of  potassium ; 
but  with  exposure  to  air  the  latter  salt  absorbs  oxygen,  and  becomes 
cyanate  of  potash.  This  salt  is  represented  by  Liebig  as  containing  a 
salt-radical,  Ferrocyanogen,  composed  of  1  eq.  of  iron  and  3  eq.  of 
cyanogen,  or  FeCyg.  This  salt -radical  is  bibasic,  and  is  in  combina- 
tion with  2  eq.  potassium  in  the  salt,  as  will  be  seen  by  reference  to 
its  formula.  The  same  salt  has  been  represented  by  myself  as  a  com- 
pound of  a  tribasic  salt-radical  7?rw.9,<feV?<?  (3Cy),  with  Pe  +  2K.  But 
its  reactions  with  other  salts  are  most  easily  stated  on  the  former  view 
of  its  constitution.  The  iron  in  this  salt  is  not  precipitated  by  alka- 
lies. When  ferrocyanide  of  potassium  is  added  to  salts  of  lead  and 
various  other  metallic  solutions,  it  produces  precipitates,  in  which  two 
equivalents  of  the  lead  or  other  metal  are  substituted,  in  combination 
with  ferrocyanogen,  for  the  two  equivalents  of  potassium.  In  salts  of 
sesquioxide  of  iron,  ferrocyanide  of  potassium  produces  the  well-known 
precipitate,  prussian  blue. 

Ferricyanide  of  potassium  ^  Hedpriissiate  of  potash;  3K.Fe2Cyg ; 
eq.  329  07'  4112.5. — This  salt,  which,  like  the  last,  is  a  valuable  re- 
agent, is  formed  by  transmitting  chlorine  gas  through  a  solution  of  the 
ferrocyanide  of  potassium,  till  it  ceases  to  give  a  precipitate  of  Prus- 
sian blue  with  a  persalt  of  iron,  and  no  longer.  One-fourth  of  the 
potassium  of  the  ferrocyanide  is  converted  into  chloride,  from  which 
the  resulting  ferricyanide  may  be  separated  by  crystallization.  It 
forms  right  rhombic  prisms,  which  are  transparent  and  of  a  fine  red 
colour.  The  crystals  are  anhydrous,  soluble  in  3.8  parts  of  cold,  and 
in  less  hot  water.  They  burn  with  brilliant  scintillations  when  held 
in  the  flame  of  a  candle.  The  solution  of  this  salt  is  a  delicate  test 
of  iron  in  the  state  of  protoxide,  throwing  down  from  its  salts  a  va- 
riety of  Prussian  blue,  in  which  the  3K  of  the  formula  are  replaced 
by  3Pe.  Liebig  views  the  red  prussiate  of  potash  as  containing 
a  salt-radical,  Ferricyanogen,  or  ferridcyanogen,  PcgCyg,  differing 
from  ferrocyanogen  in  having  twice  its  atomic  weight  and  in  being 
tribasic. 

Cyanide  of  potassium  ;  eq.  65  or  812.5  ;  KCy. — The  preparation 
of  this  salt  is  attended  with  difficulty,  owing  to  the  action  of  the  car- 
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bonic  acid  of  the  air  upon  its  solution,  which  evolves  hydrocyanic 
acid,  and  the  tendency  of  the  solution  itseK  to  undergo  spontaneous 
decomposition,  even  in  close  vessels.  It  may  be  formed  by  adding 
absolute  hydrocyanic  acid,  or  a  strong  solution  of  that  acid,  to  a  solu- 
tion of  potash  in  alcohol;  a  portion  of  the  cyanide  falls  down  as 
a  white  crystalline  precipitate,  which  should  be  washed  with  alcohol 
and  dried,  and  an  additional  quantity  is  obtained  by  evaporating  the 
liquid  in  a  retort.  But  it  is  prepared  with  more  advantage  from  the 
ferrocyanide  of  potassium,  already  described.  That  salt  is  carefully 
dried  and  reduced  to  a  fine  powder,  8  parts  of  which  are  mixed  with 
3  parts  of  carbonate  of  potash  and  1  part  of  charcoal,  and  exposed  to 
a  strong  red  heat  in  a  closed  iron  crucible,  or  other  convenient  vessel. 
The  mass  is  reduced  to  powder,  placed  in  a  funnel,  moistened  with  a 
little  alcohol,  and  then  washed  with  cold  water.  The  strong  solution 
of  cyanide  of  potassium  which  comes  through  is  colourless,  and  must 
be  rapidly  evaporated  to  dryness  in  a  porcelain  basin,  and  fused  at  a 
red  heat.  The  crude  salt,  obtained  by  ignition  without  charcoal,  con- 
tains a  little  cyanate  of  potash,  but  this  does  not  interfere  with  its  use 
for  forming  and  dissolving  cyanides  of  gold  and  silver,  for  the  pro- 
cesses of  voltaic  gilding  and  plating. 

Cyanide  of  potassium  crystallizes  in  colourless  cubes,  which  become 
opaque  and  deliquesce  in  damp  air,  and  are  very  soluble  in  water.  It 
bears  a  red  heat  without  decomposition  in  close  vessels,  but  with 
exposure  to  air  absorbs  oxygen,  and  becomes  cyanate  of  potash 
(KO.CyO).  Its  solution  smells  of  hydrocyanic  acid,  being  decom- 
posed by  carbonic  acid.  The  action  of  cyanide  of  potassium  upon  the 
animal  economy  is  equally  powerful  with  that  of  hydrocyanic  acid, 
and  as  the  dry  salt  may  be  preserved  in  a  well-stopped  bottle  without 
change,  it  is  preferable  to  the  acid,  which  is  far  from  stable.  Eed 
oxide  of  mercury  dissolves  freely  in  the  solution  of  cyanide  of  potas- 
sium, cyanide  of  mercury  being  formed  and  potash  set  free.  The 
purity  of  the  alkaline  cyanide  may  be  ascertained  from  this  property ; 
12  grains  of  the  pure  cyanide  dissolving  20  grains  of  finely-pulverised 
oxide  of  mercury. 

Hydrocyanic  acid  for  medical  purposes  is  conveniently  prepared 
from  this  cyanide.  24  grains  of  cyanide  of  potassium,  56  grains 
of  tartaric  acid  in  crystals,  and  1  ounce  of  water,  are  agitated  together 
in  a  stout  phial  closed  by  a  cork.  The  liquid  is  afterwards  separated 
by  filtration  from  the  precipitate  of  bitartrate  of  potash ;  it  contains 
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10  grains  of  hydrocyanic  acid,  or   rather  more  than  2  per  cent. 
(Dr.  Clark). 

Sulphocyanide  of  potassium ;  K.CyS2;  1222.2  07-  97.92. — Sul- 
phocyanogen  is  a  salt-radical  consisting  of  2  eq.  sulphur  and  1  eq. 
cyanogen,  wliich  is  formed  on  fusing  the  ferrocyanides  with  sulphur. 
To  obtain  it  in  combination  with  potassium,  the  ferrocyanide  of 
potassium,  made  anhydrous  by  heat  and  reduced  to  a  fine  powder,  is 
mixed  with  an  equal  weight  of  flowers  of  sulphur  in  a  common  cast. 
iron  pot  (pitch  pot),  and  kept  in  a  state  of  fusion  for  half  an  hour  at 
a  temperature  above  the  melting  point  of  sulphur,  but  below  that  at 
which  bubbles  of  gas  escape  through  the  melted  mass.  No  cyanogen 
is  evolved  or  decomposed,  and  the  residuary  matter  is  a  mixture  of 
sulphocyanide  of  potassium  and  protosulphocyanide  of  iron,  with 
the  excess  of  sulphur.  Both  sulphocyanides  dissolve  in  water,  and 
give  a  solution  which  is  colourless  at  first,  but  soon  becomes  red  from 
oxidation  of  the  sulphocyanide  of  iron.  To  get  rid  of  the  iron,  car- 
bonate of  potash  is  added  to  the  boiling  solution,  so  long  as  a  preci- 
pitate of  carbonate  of  iron  falls,  and  the  liquid  is  afterwards  filtered. 
This  solution  gives  crystals  of  sulphocyanide  of  potassium,  when  eva- 
porated, which  may  be  freed  from  any  adhering  carbonate  of  potash 
by  dissolving  them  in  alcohol.  The  salt  crj^stalHzes  in  long  white 
striated  prisms,  which  are  anhydrous,  and  resemble  nitrate  of  potash 
in  their  appearance  and  taste.  They  deliquesce  in  a  damp  atmos- 
phere, and  are  very  soluble  in  hot  charcoal,  from  which  the  salt  crys- 
tallizes on  cooHng.  The  sulphocyanide  of  potassium  communicates  a 
blood  red  colour  to  solutions  of  salts  of  sesquioxide  of  iron,  and  is 
consequently  employed  as  a  test  of  that  metal  in  its  higher  state  of 
oxidation.  The  red  solution  is  made  perfectly  colourless  by  a  mode- 
rate dilution  with  water,  when  the  iron  is  not  present  in  excess.  The 
sulphocyanide  of  potassium  has  been  detected  in  the  sahva  of  man 
and  the  sheep. 
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Carbonate  of  potash ;  KO.CO2;  eq.  69  or  862.5. — This  useful 
salt  is  principally  obtained  from  the  ashes  of  plants.  Potash  is 
always  contained  in  a  state  of  combination  in  clay  and  other  minerals 
which  form  the  earthy  part  of  soil,  and  appears  to  be  a  constituent 
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of  soil  essential  to  vegetation.  The  alkali  is  appropriated  by  plants, 
and  is  found  in  their  sap  combined  with  vegetable  acids,  particularly 
with  oxalic  and  tartaric  acids ;  also  with  siHcic  and  sulphuric  acids, 
and  as  chloride  of  potassium.  When  the  plants  are  dried  and 
burned,  the  salts  of  the  vegetable  acids  are  destroyed,  and  leave 
carbonate  of  potasli :  shrubs  yielding  three,  and  herbs  five  times  as 
much  saKue  matters  as  trees ;  and  the  branches  of  trees  being  more 
productive  than  their  trunks — a  distribution  which  may  depend  upon 
the  potash  existing  chiefly  in  the  sap.  The  whole  ashes  from  wood 
seldom  exceed  1  per  cent  of  its  weight,  of  which  l-6th  may  be 
saline  matter.  The  solution,  evaporated  to  dryness,  yields  j^ot ashes ; 
and  these,  partially  purified  and  ignited,  iorm  pearlash.  The  carbo- 
nate is  mixed  in  the  latter  with  about  20  per  cent,  of  foreign  salts, 
principally  sulphate  of  potash  and  cldoride  of  potassimn.  The 
carbonate  of  potash  is  obtained,  in  a  state  of  greater  purity,  by 
dissolving  pearlash  in  an  equal  weight  of  water,  then  separating  the 
solution  from  undissolved  salts,  and  evaporating  it  to  dryness. 

Carbonate  of  potash  is  prepared  of  greater  purity  for  chemical 
purposes,  by  igniting  bitartrate  of  potash;  or  better,  by  burning 
together  2  parts  of  that  salt  and  1  of  nitre.  In  the  latter  process, 
the  carbon  and  hydrogen  of  the  tartaric  acid  are  destroyed  by  the 
oxygen  of  the  nitric  acid,  and  carbonate  of  potash  remains  mixed 
with  charcoal,  from  which  it  may  be  separated  by  solution  and 
filtration. 

Carbonate  of  potash  has  an  acrid,  alkaline  taste,  but  is  not  caustic. 
It  gives  a  green  colour  to  the  blue  infusion  of  cabbage.  This  salt  is 
highly  deliquescent,  and  soluble  in  less  than  an  equal  weight  of 
water  at  60°.  It  may  be  crystallized  with  two  equivalents  of  water. 
Added  to  solutions  of  salts  of  lime,  lead,  &c.,  it  throws  down  insoluble 
carbonates.  It  is  more  frequently  used  than  the  caustic  alkali,  to 
neutralize  acids  and  to  form  the  salts  of  potash. 

Bicarbonate  of  potash ;  HO.CO2  +  KO.CO2;  eq.  100  or  1250. 
— Eormed  by  transmitting  a  stream  of  carbonic  acid  gas  through  a 
saturated  cold  solution  of  the  neutral  carbonate.  It  is  soluble  in  four 
times  its  weight  of  water  at  60°,  and  in  less  water  at  212°.  The 
solution  has  an  alkaline  taste  and  reaction,  but  is  not  acrid;  it 
does  not  throw  down  magnesia  from  its  soluble  salts ;  it  loses  car- 
bonic acid  when  evaporated  at  all  temperatures,  and  becomes  neutral 
carbonate.  The  salt  contains  one  proportion  of  water,  which  is 
essential  to  it,  and  crystallizes  well  in  prisms  of  eight  sides,  having 
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dihedral  summits.  The  existence  of  a  sesquicarbonate  of  potash  is 
doubtful. 

Sulphate  of  potash ;  KO.SO3;  eq,  87  or  1087'5.— This  salt 
precipitates  when  oil  of  vitriol  is  added,  drop  by  drop,  to  a  concen- 
trated solution  of  potash.  It  is  generally  prepared  by  neutralizing 
the  residue,  composed  of  bisulphate  of  potash,  of  the  nitric  acid 
process  (page  347),  and  crystallizes  in  double  pyramids  of  six  faces, 
or  in  oblique  four-sided  prisms.  The  crystals  are  anhydrous, 
unalterable  in  air,  and  they  decrepitate  strongly  when  heated ;  their 
density  is  2 '400.  The  sulphate  is  one  of  the  least  soluble  of  the 
neutral  salts  of  potash :  100  parts  of  water  dissolve  8 '36  parts  of  tliis 
salt  at  32°,  and  0*09666  parts  more  for  each  degree  above  that  point. 

Hydrated  hisulphate  of  potash,  or  sulphate  of  water  a?id 
potash;  HO.SO3H-KO.SO3  J  eq.  136  or  1700:  the  fusible  salt 
remaining,  when  nitrate  of  potash  is  decomposed  in  a  retort  by  two 
equivalents  of  oil  of  vitriol.  Below  386'6°  (197°  C),  it  is  a  white 
crystalline  mass.  This  salt  is  very  soluble  in  water,  but  is  partially 
decomposed  by  that  liquid,  and  deposits  sulphate  of  potash.  It 
crystallizes  from  a  strong  solution  in  rhombohedral  crystals,  of  wliich 
the  form  is  identical  with  one  of  the  forms  of  sulphur.  But  this 
salt  is  dimorphous,  and  crystallizes  from  a  state  of  fusion  by  heat  in 
large  crystals,  which  have  the  form  of  felspar  (Mitscherlich).  Its 
density  is  2.163.  The  excess  of  acid  in  this  salt  acts  upon  metals 
and  alkaline  bases  very  much  as  if  it  were  free. 

Hydrated  sesquisulphate  of  potash ;  HO.SO34- 2  (KO.SO3). 
— A  salt  in  prismatic  needles  discovered  by  Mr.  Phillips,  and  which 
has  also  accidentally  occurred  since  to  Mr.  JacqueHn.  It  is  decom- 
posed by  water ;  the  circumstances  necessary  for  its  formation  are 
unknown. 

Sulphate  of  potash  combines  with  hydrated  nitric  and  phosphoric 
acids,  as  weU  as  with  hydrated  sulphuric  acid.  On  dissolving  the 
neutral  salt  in  nitric  acid,  a  little  nitre  and  hydrated  bisulphate  of 
potash  are  formed,  with  a  large  quantity  of  a  salt  in  oblique  prisms, 
of  which  the  formula  is  HO.NO5  +  2  (KO.SO3) .  This  last  salt  fuses 
at  302°  (150°  C.)  j  its  density  is  2*38  (Jacquelin).  The  compound 
with  phosphoric  acid  is  formed  by  dissolving  sulphate  of  potash 
in  a  syrupy  solution  of  that  acid,  and  crystallizes  in  oblique  prisms 
of  six  sides,  which  fuse  at  464°  (240°  C),  and  of  which  the  density 
is  2-296  (Jacquelin).  Its  formula  is  3HO.PO5  +  2KO.SO3.  It  wHl 
be  observed  that  both  these  compounds  agree  with  Mr.  Philhps's 
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sesquisulpliate  in  having  2  eq.  sulphate  of  potash  to  1  eq.  hydrated 
acid.     (Annales  de  Chimie,  Ixx.) 

Nitrate  of  potash.  Nitre ,  Saltpetre;  KO.NO5;  eq,  101  or 
1262*5. — Nitric  acid  is  formed  in  the  decomposition  of  animal 
matters  containing  nitrogen,  when  they  are  exposed  to  air,  and  are  in 
contact  with  alkaline  substances.  It  appears  to  be  largely  produced 
in  this  way  in  the  soil  of  certain  districts  of  India,  from  which  nitrate 
of  potash  is  obtained  by  hxiviation.  Nitrous  soils  always  contain 
much  carbonate  of  lime,  the  debris  of  tertiary  calcareous  rocks,  in 
which  the  oxygen  and  nitrogen  of  the  air  unite,  according  to  some, 
assisted  by  the  porous  structure  of  the  rock,  and  under  the  influence 
of  an  alkahne  base,  so  as  to  generate  nitric  acid  without  the  inter- 
vention of  animal  matter.  But  this  conjecture  is  not  founded  upon 
experiment ;  nor  is  it  a  necessary  hypothesis,  since  nitrifiable  rocks 
are  never  entirely  destitute  of  organic  matter.  Nitrate  of  potash  is 
also  prepared  in  some  countries  of  Europe,  by  imitating  the  natural 
process,  in  artificial  nitre  beds,  wherein  nitrate  of  lime  is  formed,  and 
afterwards  converted  into  nitrate  of  potash  by  the  addition  of  wood- 
ashes  to  the  lixivium."^ 

Nitrate  of  potash  generally  crystallizes  in  long  striated  six-sided 
prisms,  is  anhydrous,  unalterable  in  the  air,  fusible  into  a  limpid 
liquid  by  a  heat  under  redness,  in  which  condition  it  is  cast  in 
moulds,  and  forms  sal prunelle.  Its  density  is  1*933  (Dr.  Watson). 
According  to  Gay-Lussac  100  parts  of  water  dissolve  13*3  parts  of 
this  salt  at  32°,  29  parts  at  64*4°,  74*6  parts  at  96*8°,  and  236 
parts  at  206*6°.  The  taste  of  the  solution  is  cooling  and  peculiar; 
it  has  considerable  antiseptic  properties.  Nitre  is  insoluble  in 
absolute  alcohol. 

From  the  large  quantity  of  oxygen  which  nitre  contains,  and  the 
facility  with  which  it  imparts  that  element  to  combustibles  at  a  red 
heat,  it  is  much  employed  in  making  gunpowder  and  other  defla- 
grating mixtures.     An  intimate  mixture  of  nitre  in  fine  powder  with 

*  The  obserrations  and  original  experiments  upon  nitrification,  of  Professor  Kuhlman, 
are  valuable,  but  do  not  lead  to  any  general  theory  of  the  process.  He  did  not  succeed 
in  causing  oxygen  and  nitrogen  gases  to  combine  by  means  of  spongy  platinum,  but  he 
found  that  under  the  influence  of  that  substance  (1°)  all  vaporisable  compounds  of  nitrogen, 
including  ammonia,  mixed  with  air,  with  oxygen,  or  with  an  oxidating  gas,  change  into 
nitric  acid  or  peroxide  of  nitrogen ;  and  (2°)  that  all  the  vaporisable  compounds  of  nitrogen 
including  nitric  acid,  mixed  with  hydrogen  or  a  hydrogenous  acid,  give  rise  to  ammonia. 
— (Memoirs  of  the  Academy  of  Scieuces  of  Lille,  1838,  and  Liebig's  Annalen,  xxix 
272,  1839.) 
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one-third  of  its  weight  of  wood  charcoal,  when  touched  by  a  body  in 
ignition,  burns  with  great  brilliancy,  but  without  explosion.  A 
mixture  of  3  parts  of  nitre,  2  of  dry  carbonate  of  potash,  and  1  of 
sulphur,  forms  pulvis  fulminans,  which,  heated  gently  till  it  enters 
into  fusion,  inflames  suddenly,  and  explodes  with  a  deafening  report. 
The  violence  of  the  explosion  is  caused  by  the  reaction  between  the 
sulphur  and  nitre  being  instantaneous,  from  their  fusion  and  perfect 
intermixture,  and  the  consequent  sudden  formation  of  much  nitrogen 
gas  from  the  decomposition  of  nitric  acid.  Gunpowder  contains  both 
sulphur  and  charcoal,  of  which  the  former  serves  the  purpose  of 
accelerating  the  process  of  deflagration  and  supplying  heat,  while  the 
latter  supplies  much  of  the  gas,  to  the  formation  of  which  the  avail- 
able force  of  the  explosion  is  due.  Gunpowder  yields  about  300 
times  its  volume  of  gas,  measured  when  cold ;  but  its  explosive  force 
is  greater  than  this  indicates,  from  the  high  temperature  of  the  gas, 
and  not  less  than  1000  atmospheres.  The  ordinary  proportions  of 
gunpowder  approach  very  nearly  1  eq.  of  nitre,  1  of  sulphur,  and  3 
of  carbon,  as  will  be  seen  by  the  following  comparison  : — 


Compoaition  of  Gunpowder, 

Theoretical  Mixture.            English. 

Prussian. 

Sulphur 

.   .   .   n-9     .   .     12-5     . 

.       11-5 

Charcoal 

.     .     .     13-5       .     .       12-5       . 

.       13-5 

Nitre     . 

.     .     .     74-6       .     .       75- 

.       75- 

100-0  100-0  100-0 

By  the  combustion  of  the  mixture,  carbonic  acid  and  nitrogen 
gases  are  formed,  with  a  solid  residue  of  protosulphide  of  potassium. 
Thus  :— 

Deflagration  of  Gunpowder. 
Before  Decomposition.  After  Decomposition. 

3  Carbon.  3  Carbon.  .- ^==-3  Carbonic  Acid. 

Nitrate  of f^S^g^^ 


itrate  of  f^  ^^Jgen    .--^ 

Potash   1     ^i^^^S^^ Nitrogen. 

rotasn.^    Potassium^ 


Sulphur    .       Sulphur —^^^^ Sulphide  of  Potassium. 

A  portion  of  the  potash  is  always  converted  into  sulphate  of 
potash,  which  must  interfere  with  the  exactness  of  this  decomposition. 
Blasting  powder  is  composed  of  20   sulphur,  15  charcoal,  and  65 
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nitre ;  the  proportion  of  sulphur  being  increased,  by  which  a  more 
powerfully  explosive  mixture  is  obtained,  but  which  is  not  suitable 
for  fire-arms,  as  they  are  injured  by  an  excess  of  sulphur.  The  most 
inflammable  charcoal  is  employed  in  making  gunpowder;  which  is 
obtained  by  calcining  branches  of  about  f  ths  of  an  inch  in  diameter, 
in  an  iron  retort,  for  a  considerable  time,  at  a  heat  scarcely  amount- 
ing to  redness,  and  which  has  a  brown  colour  without  lustre.  The 
granulation  of  gunpowder  increases  its  explosive  force.  A  charge  is 
thus  made  sufficiently  porous  to  allow  flame  to  penetrate  it,  and  to 
kindle  every  grain  composing  it  at  the  same  time.  But  stiU  the 
discharge  of  gunpowder  is  not  absolutely  instantaneous ;  and  it  is 
remarkable  that  other  explosive  compounds  which  burn  more  rapidly 
than  gunpowder,  such  as  fulminating  mercury,  are  not  adapted  for 
the  movement  of  projectiles.  Their  action  in  exploding  is  violent 
but  local :  if  substituted  for  gunpowder  in  charging  ordinary  fire- 
arms, they  would  shatter  them  to  pieces,  and  not  project  the  ball.  It 
is  a  common  practice  to  mix  with  the  charge  of  blasting  powder,  used 
in  mining,  a  considerable  bulk  of  sawdust,  which  renders  the  com- 
bustion of  the  powder  still  slower,  but  productive  of  a  sustained  effort, 
most  effectual  in  moving  large  masses. 

Chlorate  of  potash ;  KO.CIO5;  ^^.122-5  or  1531-25.— This 
salt  is  the  result  of  a  reaction  between  chlorine  and  potash,  which 
has  already  been  explained  (page  473).  In  the  preparation  of 
chlorate  of  potash,  a  strong  solution  of  two  or  three  pounds  of  car- 
bonate of  potash  is  made,  and  chlorine  passed  through  it.  The  gas 
is  conducted  into  the  liquid  by  a  pretty  wide  tube,  or  better  by  a  tube 
terminated  by  a  funnel,  to  prevent  its  being  choked  by  the  sohd  salt 
which  is  formed.  A  stage  in  the  process  can  be  observed  before  the 
liquid  has  discharged  much  carbonic  acid,  when  bicarbonate,  chlorate, 
and  hypochlorite  of  potash  exist  together  in  solution,  and  a  consider- 
able quantity  of  chloride  of  potassium  is  deposited.  The  latter  salt 
is  removed,  and  the  current  of  chlorine  continued  tiU  the  liquid, 
which  is  often  red  from  hypermanganic  acid,  becomes  colourless  or 
yeUow,  and  ceases  to  absorb  the  gas.  A  considerable  quantity  of 
chlorate  of  potash  is  deposited  in  tabular  shining  crystals,  which  are 
purified  by  solution  and  a  second  crystallization;  and  more  of  the 
same  salt  is  obtained  from  the  liquid  evaporated  and  set  aside  to  crys- 
tallize ;  the  separation  of  the  clilorate  from  chloride  of  potassium  de- 
pending upon  the  solubility  at  a  low  temperature  of  the  former  salt 
being  greatly  less  than  that  of  the  latter. 
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The  chlorate  of  potash  may  be  prepared  more  economically  by  ex- 
posing to  a  current  of  chlorine  gas  a  mixture  of  7*6  parts  of  carbonate 
of  potash,  and  ]6*8  hydrate  of  lime  in  a  dry  or  only  slightly  damp 
state.  Chlorate  of  potash  is  formed  with  carbonate  of  lime  and 
chloride  of  calcium.  The  mass  is  treated  with  boihng  water,  which 
dissolves  the  chloride  of  calcium  and  chlorate  of  potash.  The  latter 
salt  is  purified  by  crystallization.  It  is  stated  that  other  salts  of 
potash,  particularly  the  sulphate,  may  be  substituted  for  the  carbonate 
in  this  process ;  and  that  the  potash  salt  and  lime  are  mixed  with 
hot  water  when  exposed  to  the  chlorine  gas. 

This  salt  is  anhydrous.  It  appears  in  flat  crystals  of  a  pearly  lustre, 
of  which  the  forms,  according  to  Brooke,  belong  to  the  oblique  pris- 
matic system.  Its  density  is  1.989  (Hassenfratz).  It  has  a  cooling, 
disagreeable  taste,  like  that  of  nitre.  According  to  Gay-Lussac, 
100  parts  of  water  dissolve  34-  parts  of  chlorate  of  potash  at  32°,  6 
at  59°,  12  at  95°,  19  at  120.2°,  and  60  at  219.2°,  the  point  of 
ebuUition  of  a  saturated  solution.  This  salt  fuses  readily  in  a  glass 
retort  or  tube,  enters  into  ebullition,  and  discharges  oxygen  below  a 
red  heat.  At  a  certain  period  in  the  decomposition,  when  the  mass 
becomes  thick,  hyperchlorate  of  potash,  is  formed,  but  ultimately 
chloride  of  potassium  is  the  sole  residue. 

Chlorate  of  potash  deflagrates  with  combustibles  more  violently 
than  the  nitrate.  A  grain  or  two  of  it  rubbed  in  a  warm  mortar 
with  an  equal  quantity  of  sulphur,  occasions  smart  explosions,  with 
the  formation  of  sulphurous  acid  gas.  Inclosed  with  a  little  phos- 
phorus in  paper,  and  struck  by  a  hammer,  it  produces  a  powerful 
explosion ;  but  this  experiment  may  be  attended  with  danger  to  the 
operator  from  the  projection  of  the  flaming  phosphorus.  A  mixture 
which,  when  dry,  inflames  by  percussion,  and  which  was  applied  to 
lucifer  matches,  is  composed  of  this  salt,  sulphur,  and  charcoal.  One 
of  the  simplest  receipts  for  this  percussion  powder  consists  in  washing 
out  the  nitre  from  10  parts  of  ordinary  gunpowder  with  water,  and 
mixing  the  residue  intimately,  while  still  humid,  with  5^-  parts  of 
chlorate  of  potash  in  an  extremely  fine  powder.  This  mixture  is 
highly  inflammable  when  dry,  and  dangerous  to  preserve  in  that  state. 
Phosphorus  and  nitre,  however,  are  now  more  generally  used  for  these 
matches  (page  432).  More  chlorate  of  potash  is  employed  in  the 
processes  of  calico-printing,  as  an  oxidizing  agent. 

Perchlorate  of  potash,  KO.CIO,;  eq.  138.5  or  1731.25.— 
Processes  for  preparing  tliis  salt  have  already  been  described  under 
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percliloric  acid  (p.  475).  It  is  also  formed  in  a  strong  solution  of 
chlorate  of  potash  contained  in  the  decomposing  cell  of  a  voltaic 
battery,  this  salt  being  deposited  in  small  crystals  upon  the  zincoid, 
and  no  oxygen  hberated  there.  It  requires  55  parts  of  water  to  dis- 
solve it  at  59°,  but  is  largely  soluble  in  boiling  water.  It  crystallizes 
in  octohedrons  with  a  square  base,  which  are  generally  small :  they 
are  anhydrous.  It  deflagrates  less  strongly  with  combustibles  than 
the  chlorate,  loses  oxygen  at  400°,  and  is  completely  decomposed  at 
a  red  heat,  chloride  of  potassium  being  left. 

lodate  of  potash,  KOJOgj  eq,  213.36  or  2667.— This  salt  may 
be  formed  by  neutralizing  the  chloride  of  iodine  with  carbonate  of 
potash,  instead  of  carbonate  of  soda  (p.  499).  It  gives  small 
anhydrous  crystals,  which  fuse  by  heat  and  lose  aU  their  oxygen. 
Iodic  acid  likewise  forms  a  biniodate  and  a  teriodate  of  potash, 
according  to  Serullas^.  The  hiniodate  is  obtained  by  adding  an 
additional  proportion  of  iodic  acid  to  a  solution  of  neutral  iodate 
saturated  at  a  liigh  temperature  :  it  contains  an  equivalent  of  water, 
but  may  be  made  anhydrous  by  a  strong  heat,  according  to  my  own 
observations.  It  occurs  in  prisms  with  dihedral  summits,  and  requires 
75  parts  of  water  at  59°  to  dissolve  it.  The  teriodate  is  obtained 
on  mixing  a  strong  acid,  such  as  nitric,  hydrochloric,  or  sulphuric, 
with  a  hot  saturated  solution  of  the  neutral  iodate,  and  allo\\dng  it  to 
cool  slowly.  It  crystaUizes  in  rhombohedrons,  and  requires  25  parts 
of  water  to  dissolve  it. 

Serullas  has  observed  that  the  biniodate  of  potash  has  a  great  dis- 
position to  form  double  salts.  A  compound  with  chloride  of  potas- 
sium, to  which  he  assigned  the  formula  KCl  +  KO.IgOio,  is  obtained 
on  adding  a  little  hydrochloric  acid  to  a  solution  of  iodate  of  potash, 
and  allowing  the  solution  to  evaporate  spontaneously.  This  salt 
crystallizes  weU,  but  afterwards  loses  its  transparency  in  the  air.  It 
is  decomposed  by  water,  and  cannot  be  formed  by  uniting  its  con- 
stituent salts.  Another  compound  contains  bisulphate  of  potash : 
KO.S2O6  +  KO.I2O10.  These  compounds  of  iodic  acid  have  also 
been  lately  examined  by  M.  Millon. 

*  Annales  de  Chim.  et  de  Phys.  xliii. 
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SECTION   II. 

SODIUM. 

8y7i.  Natrium.     Eq.  23  or  287.5;  Na. 

Davy  obtained  this  metal  by  the  voltaic  decomposition  of  soda, 
immediately  after  the  discovery  of  potassium.  An  intimate  mixture 
of  charcoal  and  carbonate  of  soda  is  formed  by  calcining  acetate  of 
soda,  from  which  sodium  is  commonly  prepared,  according  to  the 
method  described  for  potassium,  and  with  greater  facility,  owing  to 
the  lower  affinity  of  sodium  for  oxygen. 

Sodium  is  a  white  metal  having  the  aspect  of  silver.  Its  density 
is  0.972,  at  59°,  according  to  Gay-Lussac  and  Thenard.  This  metal 
is  so  soft,  at  the  usual  temperature,  that  it  may  be  cut  with  a  knife, 
and  yields  to  the  pressure  of  the  fingers;  it  is  quite  liquid  at  194°. 
It  oxidates  spontaneously  in  the  air,  although  not  so  quickly  as 
potassium ;  and  when  heated  nearly  to  redness  takes  fire  and  burns 
with  a  yellow  flame.  Thrown  upon  water,  it  oxidates  with  great 
vivacity,  but  without  inflaming,  evolving  hydrogen  gas,  and  forming 
an  alkaline  solution  of  soda.  When  a  few  drops  only  of  water  are 
applied  to  sodium,  it  easily  becomes  sufficiently  hot  to  take  fire. 

As  potassium  is  in  some  degree  characteristic  of  the  vegetable 
kingdom,  so  sodium  is  the  alkahne  metal  of  the  animal  kingdom,  its 
salts  being  found  in  all  animal  fluids.  Both  of  these  elements  occur 
in  the  mineral  world ;  of  the  two,  perhaps  potassium  is  most  exten- 
sively diffused ;  felspar,  the  most  common  of  minerals,  containing  1 2 
per  cent,  of  potash,  but  from  the  existence  everywhere  of  a  soluble 
compound  of  sodium,  its  chloride,  the  sources  of  that  element  are  the 
more  accessible,  if  not  the  most  abundant. 

The  anhydrous  protoxide  of  sodium  and  the  peroxide  are  prepared 
in  the  same  manner  as  the  corresponding  oxides  of  potassium,  which 
they  greatly  resemble  in  properties.  The  composition  of  the  peroxide 
of  sodium,  however,  is  different,  being  expressed  by  the  formula 
2Na+30  (Thenard).     It  is  supposed  by  M.  Millon  to  be  Na  +  20. 

COMPOUNDS  OF  SODIUM. 

Soda ;  NaO;  eq.  31  or  387.5. — A  solution  of  soda  is  obtained 
by  decomposiag  the  crystallized  carbonate  of  soda,  dissolved  in  four 
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or  five  times  its  weight  of  water,  by  means  of  half  its  weight  of 
hydrate  of  lime ;  the  same  points  being  attended  to  as  in  the  prepara- 
tion of  potash.  A  preference  is  given  to  this  alkali  from  its  cheap- 
ness, for  most  manufacturing  purposes,  and  in  the  laboratory  it  may 
frequently  be  substituted  for  potash,  where  a  caustic  alkali  is  required. 
On  the  large  scale  it  is  prepared  from  salts  of  soda,  a  carbonate  con- 
taining chloride  of  sodium  and  sulphate  of  soda.  The  solution  of 
soda  is  purified  from  these  salts  by  concentrating  it  considerably,  upon 
which  the  foreign  salts  cease  to  be  soluble  ia  the  liquid,  and  precipitate 
(Mr.  W.  Blythe). 

The   following  table,   constructed  by  Dr.   Dalton,   exliibits  the 
quantity  of  caustic  soda  in  solutions  of  different  densities  : — 

Solution  of  Caustic  Soda, 


Density  of  the  Solu- 
tion. 

Alkali  per  cent. 

Density  of  the  Solu- 
tion. 

Alkali  per  cent. 

2-00 

77-8 

1-40 

29-0 

1-85 

63-6 

1-36 

260 

1-72 

53-8 

1-32 

230 

1-63 

46-6 

1-29 

19-0 

1-56 

41-2 

1-23 

160 

1-50 

36-8 

1-18 

130 

1-47 

340 

1-12 

90 

1-44 

31-0 

1-06 

4-7 

The  solid  hydrate  of  soda  is  obtained  by  evaporating  a  solution  of 
soda,  precisely  in  the  same  manner  as  the  corresponding  preparation 
of  potash.     It  is  soluble  in  all  proportions  in  water  and  alcohol. 

Soda  is  distinguished  from  potash  and  other  bases  by  several  pro- 
perties : — 1st.  All  its  salts  are  soluble  in  water,  and  it  is  therefore 
not  precipitated  by  tartaric  acid,  chloride  of  platinum,  or  any  other 
reagent.  2d.  With  sulphuric  acid  it  affords  a  salt  which  crystallizes 
in  large  efflorescent  prisms,  easily  recognised  as  Glauber's  salt.  3d. 
Its  salts  communicate  a  rich  yeUow  tint  to  flame. 

Sulphides  of  sodium. — These  compounds  so  closely  resemble  the 
sulphides  of  potassium  as  not  to  require  a  particular  description.  The 
protosulphide  of  sodium  crystallizes  from  a  strong  solution  in  octo- 
hedrons.  This  salt  contains  water  of  crystallization ;  in  contact  with 
air  it  rapidly  passes  into  caustic  soda,  and  the  hyposulphite  of  the 
same  base. 
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Chloride  of  sodium y  Sea  salty  Common  salt ;  NaCl;  eq,  58.5  6'?* 
731.25. — Sodium  takes  fire  in  chlorine  gas,  and  combining  with  that 
element,  produces  this  salt.  The  chloride  of  sodium  is  also  formed 
on  neutralizing  hydrochloric  acid,  by  soda  or  its  carbonate,  and  is 
obtained  thus  in  the  greatest  purity.  Sea-water  contains  2.7  per 
cent,  of  chloride  of  sodium,  which  is  the  most  considerable  of  its  saline 
constituents:  (analysis  of  sea-water,  page  319).  Salt  is  obtained 
from  that  source  in  warm  cUmates,  as  at  St.  Ubes,  in  Portugal,  on 
the  coast  of  the  Mediterranean  near  Marseilles,  and  other  places  where 
spontaneous  evaporation  proceeds  rapidly;  the  sea-water  being  re- 
tained in  shallow  basins  or  canals,  on  the  surface  of  which  a  saline 
crust  forms,  with  the  progress  of  evaporation,  which  is  broken  and 
raked  out.  Sea-water  is  also  evaporated  artificially,  by  means  of 
culm,  or  waste  coal,  as  fuel,  on  some  parts  of  the  coast  of  Britain, 
but  as  much  for  the  sake  of  the  hittern  as  of  the  common  salt  it 
aifords.  The  evaporation  is  not  carried  to  dryness,  but  when  the 
greater  part  of  the  chloride  of  sodium  is  deposited  in  crystals,  the 
mother  Hquid,  which  forms  the  bittern,  is  drawn  off ;  it  is  the  source 
of  a  portion  of  the  Epsom  salt  and  other  magnesian  preparations  of 
commerce.  Other  inexhaustible  sources  of  common  salt  are  the  beds 
of  sal-gem  or  rock  salt,  which  occur  in  several  geological  formations 
posterior  to  the  coal,  as  at  Northwich  in  Cheshire,  in  Spain,  Poland, 
and  many  other  localities.  These  beds  appear  to  have  been  formed 
by  the  evaporation  of  salt  lakes  without  an  outlet,  in  which  the  sahne 
matter,  continually  supplied  by  rivers,  had  accumulated,  till  the  water 
being  saturated,  a  deposition  of  salt  took  place  upon  the  bottom  of 
the  lake.  The  Dead  Sea  is  such  a  lake,  and  the  bottom  of  it  is  found 
to  be  covered  with  salt.  The  salt  is  sometimes  sufficiently  pure  for 
its  ordinary  uses,  as  it  is  taken  from  these  deposits,  but  more  gene- 
rally it  is  coloured  brown  from  an  admixture  of  clay,  and  requires  to 
be  purified  by  solution  and  filtration.  Instead  of  sinking  a  shaft  to 
the  bed  of  rock  salt,  and  mining  it,  the  superior  strata  are  often 
pierced  by  a  bore  of  merely  a  few  inches  in  diameter,  by  which  water 
is  admitted  to  the  bed,  and  the  brine  formed  drawn  off  by  a  pump 
and  pipe  of  copper  suspended  in  the  same  tubular  opening. 

Chloride  of  sodium  crystaUizes  from  solution  in  water  in  cubes, 
and  sometimes  from  urine  and  liquids  containing  phosphates  in  the 
allied  form  of  the  regular  octohedron.  Its  crystals  are  anhydrous, 
but  decrepitate  when  heated,  from  the  expansion  of  water  confined 
between  their  plates.     According  to  Fuchs,  pure  chloride  of  sodium 
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has  exactly  the  same  degree  of  solubility  in  hot  and  cold  water,  re- 
quiring 2*7  parts  of  water  to  dissolve  it  at  all  temperatures ;  but  it 
has  been  proved  by  Gay-Lussac,  and  also  by  Poggiale,  that  the  solu- 
bility of  this  salt  increases  sensibly,  although  not  considerably,  with 
the  temperature.  According  to  Poggiale  100  parts  of  water  dissolve 
of  chloride  of  sodium  35-52  parts  at  32°;  35*87  parts  at  57*2° 
(14°  C);  39-61  parts  at  212°  (100°  C.) ;  and  40-35  parts  at 
229-46°  (109-7°  C),  the  temperature  of  ebulhtion  of  a  saturated 
solution  (Annales  de  Ch.  3me  Ser.  viii.  469).  Gay-Lussac  also 
makes  the  boiling  point  of  a  saturated  solution  229-5,  but  that  tem- 
perature is  too  high  (I  believe)  for  a  solution  of  pure  chloride  of 
sodium.  When  a  saturated  solution  is  exposed  to  a  low  temperature, 
between  14°  and  5°,  the  salt  crystallizes  in  hexagonal  tables,  which 
have  two  sides  larger  than  the  others.  Euchs  found  these  crystals  to 
contain  6,  and  Mitscherlich  4  equivalents  of  water.  If  their  tem- 
perature is  allowed  to  rise  above  14°,  they  undergo  decomposition, 
and  are  converted  into  a  congeries  of  minute  cubes,  from  which 
water  separates. 

The  little  increase  of  the  solubility  of  chloride  of  sodium  at  a  high 
temperature,  makes  it  impossible  to  crystallize  this  salt  by  cooling  a 
hot  solution,  but  Mr.  Arrott  finds  that  with  the  addition  of  chloride 
of  calcium  to  the  solution,  a  greater  inequality  of  sol  ability  at  high 
and  low  temperatures  takes  place,  and  a  portion  of  the  chloride  of 
sodium  crystallizes  from  a  hot  saturated  solution  on  cooling.  In  the 
evaporation  of  brine  for  salt,  certain  inconveniences  attend  the  depo- 
sition of  salt  from  the  boiling  solution,  which  Mr.  Arrott  proposes  to 
obviate  by  the  presence  of  chloride  of  calcium. 

Pure  chloride  of  sodium  has  an  agreeable  saline  taste,  deliquesces 
slightly  in  damp  weather,  and  dissolves  largely  in  rectified  spirits, 
but  is  very  sHghtly  soluble  in  absolute  alcohol.  Its  density  is  2-557 
(Mohs) .  It  fuses  at  a  bright  red  heat,  and  at  a  higher  temperature 
rises  in  vapour.  It  is  immediately  decomposed  by  oil  of  vitriol,  with 
the  evolution  of  hydrochloric  acid.  Besides  being  used  as  a  seasoning 
for  food,  chloride  of  sodium  is  employed  in  the  preparation  of  the 
sulphate  and  carbonate  of  soda.  When  ignited  in  contact  with  clay 
containing  oxide  of  iron,  the  sodium  of  this  salt  becomes  soda,  and 
unites  with  the  silica  of  the  clay,  while  the  chlorine  combines  with 
iron,  and  is  volatilized  as  sesquichloride  of  iron.  When  chloride  of 
sodium  and  silica,  both  dry,  are  hented  together,  no  decomposition 
takes  place ;   but  if  steam  is  passed  over  the  mixture,  hydrochloric 
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acid  is  evolved  and  silicate  of  soda  formed.  On  this  decomposition 
is  founded  the  mode  of  communicating  the  salt-glaze  to  pottery :  a 
quantity  of  salt  is  thrown  into  the  kiln,  where  it  is  converted  into 
vapour  by  the  heat_,  and  condensing  upon  the  surface  of  the  pottery 
causes  its  vitrification^  which  is  attended  with  the  formation  of  hydro- 
chloric acid,  and  of  sesquichloride  of  iron,  if  sesquioxide  of  iron  be 
present.  These  decompositions  are  represented  by  the  following 
equations : — 

SiOg  and  NaCl  and  HO=NaO.Si03  and  HCl. 

SiOg  and  3NaCl  and  Pe203=SNaO.Si03  and  re2Cl3. 

The  first  reaction  has  not  been  applied  successfully  to  the  prepara- 
tion of  soda  from  the  chloride  of  sodium,  owing,  it  is  said,  to  the 
vitrification  of  the  silicate  of  soda  produced,  which  covers  the 
undecomposed  chloride  of  sodium,  and  protects  it  from  the  steam, 
Mr.  Tilghman  substitutes  for  the  silica  precipitated  alumina,  which  is 
made  up  into  balls  with  the  chloride  of  sodium,  and  exposed  to  steam 
in  a  reverberatory  furnace  at  an  elevated  temperature.  Hydrochloric 
acid  escapes,  and  an  aluminate  of  soda  is  formed,  which  may  be 
decomposed,  when  cold,  by  dry  carbonic  acid ;  the  carbonate  of  soda 
is  dissolved  out  by  water ;  the  alumina  is  made  up  again  into  balls 
with  chloride  of  sodium,  to  be  ignited  and  decomposed  by  steam  as 
before. 

The  bromide  and  iodide  of  sodium  crystallize  in  cubes,  and  resemble 
in  properties  the  corresponding  compounds  of  potassium. 
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Carbonate  of  soda;  NaO.COg-flOHO;  eq.  53  +  90,  or 
662.5  +  1125. — This  useful  salt  is  found  nearly  pure  in  commerce, 
in  large  crystals,  which  effloresce  when  exposed  to  air.  These  crys- 
tals contain  10  equivalents  of  water,  and  consist,  in  100  parts,  of 
21.81  soda,  15.43  carbonic  acid,  and  62.76  water.  According  to 
Dr.  Thomson,  they  generally  contain  about  \  per  cent,  of  sulphate  of 
soda  as  an  accidental  impurity  :  they  belong  to  the  oblique  prismatic 
system.  Their  density  is  1.623:  100  parts  of  water  dissolve  20.64 
of  the  crystals  at  58.25°,  and  more  than  an  equal  weight  at  the  boil- 
ing temperature  (Dr.  Thomson).  In  warm  weather,  the  carbonate 
of  soda  sometimes  crystallizes  in  another  form,  which  is  not  efflorescent. 
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and  of  which  the  proportion  of  water  is  8  equivalents.  The  ordinary 
crystals^  by  efflorescing  in  dry  air,  are  reduced  to  a  hydrate  of  5  equi- 
valents of  water,  NaO.C02  +  5H0.  The  same  hydrate  appears  when 
a  solution  of  carbonate  of  soda  is  made  to  crystallize  at  93°  (34°  C), 
in  crystals  derived  from  an  octohedron  with  a  square  base.  Again, 
a  solution  of  this  salt  evaporated  between  158°  and  176°  (70°  and 
80°  C),  deposits  quadrilateral  crystals,  containing  1  equivalent  of 
water,  or  14*77  per  cent.  Carbonate  of  soda,  therefore,  appears  to 
be  capable  of  forming  four  definite  hydrates,  containing  HO,  5  HO, 
8H0,  and  lOHO.  The  density  of  the  anhydrous  salt  is  2'509 
(Eilhol). 

The  solubility  of  the  carbonate  of  soda,  supposed  to  be  anhydrous, 
at  various  temperatures,  was  observed  by  M.  Poggiale  to  be  as 
follows : — 

100  parts  of  water  at  32°  (0°  C.)  dissolve  7*08  of  carbonate  of  soda. 
100     „  „         50°  (10°  C.)     „     16-66 

100     „  „         68°  (20°  C.)     „     25-83 

100     „  „         86°(30°C.)     „     35-90 

100     „  „     219-2°  (104°  C.)  „     48-50 

To  obtain  such  determinations  of  the  solubility  of  a  salt  at  a  given 
temperature,  water  is  kept  in  contact  with  a  considerable  excess  of 
the  salt  in  the  state  of  powder  for  at  least  half  an  hour,  at  the  fixed 
temperature,  with  occasional  agitation.  About  two  ounces  of  the 
solution  is  then  transformed  into  a  light  glass  flask  (fig.  153),  and 

Fig.  153. 


after  being  accurately  weighed,  is  evaporated  either  over  the  gas,  or 
by  a  small  furnace,  taking  care  to  hold  the  neck  at  an  angle  of  45°, 
to  avoid  drops  of  fluid  being  thrown  out  by  the  ebulUtion.  After 
the  salt  is  dry,  the  heat  is  still  continued,  to  expel  the  water  of  crys- 
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tallizatioTi,  the  escape  of  the  latter  being  promoted  by  blowing  air 
gently  into  the  flask  while  hot  by  means  of  bellows  having  a  bent 
glass  tube  attached  to  the  nozzle. 

Tliis  salt  has  a  disagreeable  alkaline  taste.  When  heated^  it 
undergoes  the  watery  fusion ;  its  water  is  soon  dissipated,  and  a  white 
anhydrous  salt  remains,  which  again  becomes  liquid  at  a  red  heat, 
undergoing  then  the  igneous  fusion,  and  by  a  greater  heat  it  loses  no 
carbonic  acid.  A  mixture  of  carbonates  of  potash  and  soda  is  more 
fusible  than  either  salt  separately. 

Carbonate  of  soda  is  decomposed  at  a  bright  red  heat  by  the 
vapour  of  water,  which  disengages  all  the  carbonic  acid,  and  pro- 
duces hydrate  of  soda,  NaO.HO.  The  carbon  of  its  acid  is  also  set 
at  liberty  by  phosphorus  at  a  high  temperature,  and  the  phosphate  of 
soda  formed.  Lime,  baryta,  strontia,  and  magnesia,  decompose  a 
solution  of  carbonate  of  soda,  assuming  its  carbonic  acid  and  libe- 
rating soda. 

Carbonate  of  soda  is  manufactured  by  a  process  which  will  be  de- 
scribed immediately  under  the  head  of  sulphate  of  soda.  Much  of  the 
carbonate  of  commerce  is  not  crystallized,  but  simply  evaporated  to 
dryness,  and  is  then  known  as  salts  of  soda,  soda-salt,  or  soda-ash. 
In  this  form  it  generally  contains  chloride  of  sodium,  sulphate  of  soda, 
hydrate  of  soda,  and  often  insoluble  matter,  and  varies  considerably 
in  value.  The  soda  which  is  caustic,  and  that  in  combination  with 
carbonic  acid  alone  of  the  acids,  are  available  in  the  application  of 
the  salt  as  an  alkaline  substance.  The  pure  anhydrous  carbonate 
of  soda  consists  of  58'58  soda  and  41*42  carbonic  acid,  and  the  best 
soda-salts  of  commerce  contain  from  50  to  53  per  cent,  of  available 
soda.  The  operation  of  ascertaining  the  proportion  of  alkali  in  these 
salts,  and  in  other  forms  of  the  carbonate  of  soda,  is  a  process  of  im- 
portance from  its  frequent  occurrence,  and  of  high  interest  and 
value  as  a  general  method  of  analysis  of  easy  execution,  and  applica- 
ble to  a  great  variety  of  substances.  I  shall  therefore  describe 
minutely  the  mode  of  conducting  it. 
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Fig.  155. 


The  experiment  is,  to  find  how  many  measures  of  a  diluted  acid 
are  required  to  destroy  the  alkaline  reaction  of,  and  to  neutrahze  100 
grains  of  a  specimen  of  soda-salt.  (1.)  The  acid  is  measured  in  the 
alkalimeter,  which  is  a  straight  glass  tube,  or  very  narrow  jar,  with  a 

Fig  154  ^^P  (^S*  ^^^)>  ^^^^^^  5-8ths  of 

an  inch  in  width,  and  14  or 

15  inches  in  height,  generally 

mounted  upon  a  foot,  which 

is  by  no  means  advantageous, 

as   «,   (fig.  155),  capable   of 

containing  at  least  1000  grs. 

of   water.      It   is   graduated 

into  100  parts,  each  of  which 

holds  ten  grains  of  water.    In 

the  operation  of  dividing  such 

an  instrument,  it  is  more  con- 
venient to   use   measures    of 

mercury  than  water, — 135*68 

grains  of  mercury  being  in  bulk  equal  to  10  grains  of  water, 

678*40  grains  will  be  equal  to  50  grains  of  water.      A  unit 

measure  may  be  formed  of  a  pipette,  I?,  made  to  hold  the  last 
quantity  of  mercury,  into  which  the  metal  is  poured,  the  opening  at 
the  point  of  the  pipette  being  closed  by  the  finger,  and  the  height  of 
the  mercury  in  the  tube  marked  by  a  scratch  on  the  glass  made  by  a 
triangular  file.  The  bulk  of  twice  that  quantity  of  mercury,  or  100 
water  grain  measures,  may  likewise  be  marked  upon  the  tube.  The 
former  quantity  of  mercury  is  then  decanted  from  the  tube  into  the 
alkalimeter  to  be  graduated,  and  a  scratch  made  upon  the  latter  at 
the  mer-cury  surface  :  this  is  5  of  the  10 -grain  water  measures. 
Another  measure  is  added,  and  its  height  marked ;  and  the  same  re- 
peated till  20  measures  of  mercury  in  all  have  been  added,  wliich  are 
100  ten-grain  water  measures.  The  subdivision  of  each  of  these 
measures  into  5  is  best  made  by  the  eye,  and  is  also  marked  on  the 
alkalimeter.  The  divisions  are  lastly  numbered,  0,  5, 10,  &c.  counting 
from  above  downwards,  and  terminating  with  100  on  the  sole  of  the 
instrument.      Several  alkalimeters  may  be  graduated  at  the  same 
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time^  with  little  more  trouble  than  one,  the  measurer]  quantities  of 
mercury  being  transferred  from  one  to  the  others  in  succession. 

(2.)  To  form  the  test  acid,  4  ounces  of  oil  of  vitriol  are  diluted 
wil'h  20  ounces  of  water;  or  larger  quantities  of  acid  and  water 
are  mixed  in  these  proportions.  About  three-fourths  of  an  ounce  of 
bicarbonate  of  soda  is  heated  strongly  by  a  lamp  for  an  hour,  to 
obtain  pure  carbonate  of  soda;  of  which  ]71  grains  are  imme- 
diately weighed;  that  quantity,  or  more  properly  170*6  grains,  con- 
taining 100  grains  of  soda.  This  portion  of  carbonate  of  soda  is 
dissolved  in  4  or  5  ounces  of  hot  water,  contained  in  a  basin,  and 
kept  in  a  state  of  gentle  ebullition ;  and  the  alkahmeter  is  filled  up 
to  0  with  the  dilute  acid.  The  measured  acid  is  poured  gradually 
into  the  soda  solution,  till  the  action  of  the  latter  upon  test-paper 
ceases  to  be  alkaline,  and  becomes  distinctly  acid,  and  the  measures 
of  acid  necessary  to  produce  that  change  accurately  observed.  The 
last  portions  of  the  acid  must  be  carefully  added  by  a  single  drop  at 
a  time,  which  is  most  easily  done  by  using  a  short  glass  rod  to  con- 
duct the  stream  of  acid  from  the  lip  of  the  alkalimeter.  It  may  pro- 
bably require  about  90  measures.  But  it  is  convenient  to  have  the 
acid  exactly  of  the  strength  at  which  100  measures  of  it  saturate  100 
grains  of  soda.  A  plain  cylindrical  jar,  c,  of  which  the  capacity  is 
about  a  pint  and  a  half,  is  graduated  into  100  parts,  each  con- 
taining 100  grain  measures  of  water,  or  ten  times  as  much  as  the 
divisions  of  the  alkalimeter.  The  divisions  of  this  jar,  however,  are 
numbered  from  the  bottom  upwards,  as  is  usual  in  measures  of 
capacity.  This  jar  is  filled  up  with  the  dilute  acid  to  the  extent  of 
90,  or  whatever  number  of  the  alkalimeter  divisions  of  acid  were 
found  to  neutrahze  100  grains  of  soda;  and  water  is  added  to  make 
up  the  acid  liquid  to  100  measures.  Such  is  the  test  acid,  of  which 
100  alkahmeter  measures  neutralize,  and  are  equivalent  to,  100  grains 
of  soda ;  or  1  measure  of  acid  to  1  grain  of  soda.  It  is  transferred 
to  a  stock  bottle.  The  remainder  of  the  original  dilute  acid  is  diluted 
with  water  to  an  equal  extent,  in  the  same  instrument,  and  added  to 
the  bottle.  The  density  of  this  acid  is  1-0995  or  1*0998,  which  is 
sensibly  the  same  as  1*1.  The  protohydrate  of  sulphuric  acid 
diluted  with  5J  times  its  w^eight  of  water,  gives  this  test  acid 
exactly;  but  as  oil  of  vitriol  varies  in  strength,  it  is  better  to 
form  the  test  acid  in  the  manner  described  than  to  trust  to  that 
mixture.     Twenty-two  measures  of  the  test  acid  should  neutralize 
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100  grains  of  cr.  carbonate  of  soda;  and  5 8 J  measures,  100  grains 
of  pure  anhydrous  carbonate  of  soda. 

(3.)  In  applying  the  test  acid,  it  is  poured  from  the  alkalimeter, 
as  before,  upon  100  grains  of  the  soda-salt  to  be  tested,  dissolved  in 
two  or  three  ounces  of  hot  water,  the  liquid  being  well  stirred  by 
a  glass  rod  after  each  addition  of  acid.  The  salt  contains  so  many 
grains  of  soda  as  it  requires  measures  of  acid  to  neutralize  it ;  and, 
therefore,  so  much  alkali  per  cent.  The  first  trial,  however,  should 
only  be  considered  an  approximation,  as  much  greater  accuracy  will 
be  obtained  on  a  repetition  of  it.  The  experiment  is  often  made  in 
the  cold,  but  it  is  very  advantageous  to  have  the  alkaline  solution  in 
a  basin,  in  which  it  is  heated  and  evaporated  during  the  addition  of 
the  test-acid.  The  indications  of  the  test-paper  then  become  greatly 
more  clear  and  decisive,  both  from  the  expulsion  of  the  carbonic 
acid  and  the  concentration  of  the  solution.  With  such  precautions 
the  proportion  of  soda  may  be  determined  to  0  1  grain  in  100  grains 
of  salt,  and  an  alkahmetrical  determination,  made  in  a  few  minutes, 
is  not  inferior  in  precision  to  an  ordinary  analysis. 

If  the  soda-salt  is  mixed  with  insoluble  matter,  its  solution  must 
be  filtered  before  tlie  test  acid  is  applied  to  it.  In  examining  a  soda- 
salt  which  blackens  salts  of  lead,  and  contains  carbonate  of  soda  with 
sulphide  of  sodium  and  hyposulphite  of  soda,  100  grains  are  tested 
as  above,  and  the  whole  alkali  in  the  salts  thus  determined.  A 
neutral  solution  of  chloride  of  calcium  is  also  added  in  excess  to  the 
solution  of  a  second  hundred  grains,  by  which  the  carbonate  of  soda 
is  converted  into  chloride  of  sodium,  while  carbonate  of  lime  precipi- 
tates. The  filtered  liquid  is  still  alkaline,  and  contains  all  the  sul- 
pliide  of  sodium  and  hyposulphite  of  soda ;  the  quantity  of  soda  cor  - 
responding  wdth  wdiich  is  ascertained  by  means  of  the  test  acid. 
This  quantity  is  to  be  deducted  from  the  wdiole  quantity  of  alkali 
observed  in  the  first  experiment. 

Borax  may  be  analysed  by  the  same  test  acid,  and  will  be  found, 
when  pure,  to  contain  16*37  per  cent,  of  soda.  The  carbonates  of 
potash  may  also  be  examined  by  the  same  means ;  but  the  per  centage 
of  alkali  must  then  be  estimated  higher  than  the  measures  of  acid 
neutralized,  in  the  proportion  of  the  equivalent  of  soda  to  that  of 
potash,  which  are  to  each  other  as  31  to  47. 

The  test-paper  employed  in  alkalimetry  must  be  dehcate.  It 
should  be  prepared  on  purpose,  by  applying  a  filtered  infusion  of 
litmus  several  times  to  good  letter-paper  (npt  unsized  paper),  and 
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drying  it  after  each  immersion,  till  the  paper  is  of  a  distinct  but  not 
deep  purple  colour.  If  the  test-acid  be  added  to  the  alkaline  solu- 
tion in  the  cold,  the  operator  must  make  himself  familiar  with  the 
difference  between  the  slight  reddening  of  his  test-paper  by  carbonic 
acid  which  is  disengaged,  and  the  unequivocal  reddening  which  is 
produced  by  the  smallest  quantity  of  a  strong  acid.  The  former  is  a 
purple  or  wine-red  tint ;  the  latter  a  pale  or  yellow  red,  without 
blue,  like  the  skin  of  an  onion. 

Method  of  Gay-Lussac. — The  directions  for  proceeding  given  by 
M.  Gay-Lussac  are  recommended  by  the  general  utihty  of  the  Prench 
measures  employed  for  scientific  purposes.  It  is  commercial  potash 
which  is  supposed  to  be  examined,  and  its  value  is  expressed  in 
anhydrous  oxide  of  potassium. 

The  acid  employed  is  the  sulphuric,  as  before,  of  which  5  grammes 
at  its  maximum  of  concentration,  that  is,  the  acid  HO.SO3,  are  taken 
as  a  unit.  This  quantity  of  acid  is  diluted  with  water,  so  that  the 
mixture  occupies  fifty  cubic  centimjters,  or  one  hundred  half  cubic 
centimeters."^  It  is  capable  of  neutralizing  4'816  grammes  of  pure 
potash,  and  one  half  cubic  centimeter  of  the  dilute  acid  will  conse- 
quently indicate  0*04816  gramme  of  potash. 

To  prepare  the  normal  acid  fluid,  as  the  test-acid  is  called,  it  is 
necessary  to  have  the  pure  monohydrated  sulphuric  acid.  The  acid 
sold  as  distilled  sulphuric  acid  is  sufficiently  free  from  fixed  impuri- 
ties, but  generally  contains  a  little  water  in  excess.  By  evaporating 
off  one-fourth  of  this  acid,  the  remaining  three-fourths  are  left  of  the 
maximum  degree  of  concentration.  One  hundred  grammes  of  the 
monohydrated  sulphuric  acid  are  accurately  weighed  in  a  small  glass 
bottle. .  A  thin  glass  flask  is  also  provided,  which  holds  a  liter  of 
water  when  filled  to  a  mark  on  the  neck.  The  sulphuric  acid  already 
weighed  is  added  in  a  gradual  manner  to  this  flask,  about  half  filled 
with  water  at  first,  a  circular  motion  being  given  to  the  vessel  in 
order  to  mix  the  liquids  rapidly.  The  acid  bottle  is  well  rinsed  out 
with  water,  which  is  added  to  the  flask ;  and  when  the  whole  cools, 
more  water  is  added  to  fill  up  the  flask  to  the  mark  on  the  neck. 
The  normal  acid  fluid,  thus  prepared,  should  be  preserved  for  use  in 
a  well-stopped  bottle. 

In  making  an  examination  of  commercial  potashes,  a  fair  sample 

*  The  Gramme  is  15'4336  grains ;  the  Cubic  Centimeter,  006103  English  cubic 
inch  ;  the  Liter  or  1000  cubic  centimeters,  61  03  cubic  inches,  0'22017  English  impe- 
rial gallon,  or  1  76133  pint. 
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of  the  mass  is  first  taken,  and  reduced  to  powder;  of  this,  48"  16 
grammes  are  accurately  weighed  out,  and  dissolved  in  a  quantity  of 
water,  so  that  the  volume  of  the  solution  is  exactly  half  a  liter.  If 
one-tenth  of  this  liquid  be  taken,  that  is,  fifty  cubic  centimeters,  we 
shall  of  course  have  the  quantity  which  contains  4'8 16  grammes  of 
the  potashes.  To  draw  ofi"  this  portion  conveniently,  a  pipette  is 
used  (fig.  156),  which  holds  fifty  cubic  centimeters 
Fig.  156.  when  filled  up  to  a  mark  a  on  its  stem.  The 
pipette  is  emptied  into  a  plain  glass  jar,  the  last 
drop  of  liquid  being  made  to  flow  out  by  blowing 
into  the  pi])ette.  A  sufficiently  distinct  blue  tint 
is  given  to  the  liquid  in  the  jar  by  the  addition  of 
a  few  drops  of  an  infusion  of  litmus,  and  the  jar 
placed  upon  a  sheet  of  white  letter  paper,  in  order 
to  observe  the  changes  of  colour  afterwards  with 
more  facility. 

To  measure  the  normal  acid  fluid,  a  glass  tube 
of  the  form  fig.  157  is  used,  ]  2  or  14  millimeters 
in  internal  diameter,  which  is  called  a  burette.  It 
is  divided  into  half  cubic  centimeters,  and  the  di- 
FiG.  157.  visions  marked  on  the  large  tube  in  an  inverse 
order,  as  in  the  former  alkalimeter.  The  beak 
J^  may  be  greased  below  the  aperture,  to  prevent  the 

liquid  running  down  the  outside  of  the  glass.  The 
acid  is  poured  from  the  burette,  filled  to  the  divi- 
sion 0,  into  the  jar  containing  the  potash- solution, 
the  liquid  in  the  latter  being  constantly  stirred. 
The  change  to  the  wine-colour  is  first  observed, 
and  the  addition  of  acid  is  afterwards  continued 
with  the  greatest  caution,  drop  by  drop,  till  the 
liquid  assumes  at  once  the  onion-skin  red.  A  few 
drops  of  acid  in  excess  are  inevitably  added,  owing 
to  the  slowness  of  the  action  of  the  last  portions  of 
acid  upon  the  colouring  matter.  The  number  of 
these  drops  in  excess  is  discovered  by  drawing  a  line  with  the  liquid 
upon  a  slip  of  blue  litmus  paper,  after  the  addition  of  each  drop. 
The  lines  become  red  after  the  lapse  of  some  time,  where  the  acid  is 
in  excess,  and  give  the  number  of  drops  to  be  deducted;  of  these, 
five  are  in  general  equivalent  to  one  measure  of  the  burette.  The 
quantity  of  potash  is  calculated  from  the  measures  of  normal  acid 
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fluid  required,  each  measure  representing  0* 048 16  gramme  of  potash, 
as  already  stated. 

The  chief  objection  to  the  practice  of  this  method  is  the  delicacy, 
and  in  some  degree  uncertainty,  of  the  mode  of  determining  the 
number  of  drops  of  acid  always  added  in  excess.  This  difficulty  is 
best  avoided,  I  believe,  by  operating  upon  the  alkaline  solution  while 
hot  and  undergoing  evaporation,  as  directed  in  the  preceding  method 
of  alkahmetry.^ 

The  object  of  an  alkalimetrical  process  may  also  be  obtained  by 
determining  the  quantity  of  carbonic  acid  in  a  specimen  of  soda-ash 
or  potashes.  The  quantity  of  carbonic  acid  is  ascertained  by  decom- 
posing the  carbonate  by  sulphuric  acid,  and  observing  the  loss  of 
weight  occasioned  by  the  escape  of  the  gas.  The  evolution  of  liydro- 
sulphuric  acid  gas  at  the  same  time,  by  the  decomposition  of  sulphide 
of  sodium,  is  prevented  by  adding  a  little  bichromate  of  potash  to 
the  sulphuric  acid,  so  as  to  oxidize  the  former  acid  gas.  For  every 
equivalent  of  carbonic  acid,  or  22  parts,  an  equivalent  quantity  of 
soda  or  potash  is  allowed  to  be  present;  namely,  31  parts  of  soda 
or  47  parts  of  potash.  The  process  may  be  conducted  by  means  of 
the  well-devised  arrangements  of  Dr.  Will,  described  in  works  upon 
Analytical  Chemistry.  It  would,  however,  be  a  subject  of  regret 
if  this  latter  method  should  be  allowed  to  supersede  the  use  of 
normal  fluids  and  the  burette,  which  are  capable  of  being  usefully 
applied  in  numerous  other  investigations  besides  alkalimetry,  and,  in 
fact,  form  the  basis  of  an  interesting  department  of  chemical  analysis. 

Bicarbonate  of  soda;  HO.CO2  +  NaO.COa ;  84  or  1050.— 
This  salt  is  formed  when  a  stream  of  carbonic  acid  gas  is  transmitted 
through  a  saturated  solution  of  the  neutral  carbonate;  it  is  then 
deposited  as  a  farinaceous  powder,  but  may  be  obtained  in  crystals 
from  a  weaker  solution,  wliich  are  rectangular  prisms.  But  it  is 
generally  prepared  on  the  large  scale  by  exposing  the  crystals  of 
neutral  carbonate,  placed  on  trays  in  a  wooden  case,  to  an  atmo- 
sphere of  carbonic  acid  gas :  the  matter  then  changes  entirely  into 
bicarbonate^  which  appears  in  amorphous  and  opaque  masses.  One 
hundred  parts  of  water  dissolve  of  it  10*04  parts  at  50°  (10°  C.) 
and  16-69  parts  at  158°  (70°  C),  according  to  M.  Poggiale.     Al- 


*  The  apparatus  aud  methods  of  alkalimetry  have  received  much  attention  from  Mr. 
Griffin.  His  improved  apparatus  and  test-paper  may  be  procured  at  the  Chemical 
Museum,  53,  Baker  Street. 
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iliougli  containing  two  equivalents  of  acid,  this  salt  is  alkaline  to 
test-paj)er,  but  its  taste  is  much  less  unpleasant  than  the  neutral 
carbonate,  and  indeed  is  scarcely  perceived  when  mixed  with  a  little 
common  salt.  The  crystallized  salt  is  permanent  in  dry  air,  but  its 
solution  loses  carbonic  acid,  slowly  at  the  temperature  of  the  air,  and 
rapidly  above  160°,  passing  into  the  state  of  sesquicarbonate,  and  ulti- 
mately of  neutral  carbonate.  A  solution  of  bicarbonate  of  soda  does 
not  produce  a  precipitate  in  salts  of  magnesia  in  the  cold,  nor  does 
it  disturb  immediately  a  solution  of  chloride  of  mercury ;  by  which 
properties  it  is  distinguished  from  the  neutral  carbonate. 

The  bicarbonate  of  soda  is  obtained  otherwise  by  an  interesting 
reaction.  Equal  w^eights  are  taken  of  common  salt  and  of  the  car- 
bonate of  ammonia  of  the  shops,  which  is  chiefly  bicarbonate ;  the 
former  is  dissolved  in  three  times  its  weight  of  water,  and  the  latter 
added  in  the  state  of  fine  powder  to  this  solution,  the  whole  stirred 
well  together,  and  allowed  to  stand  for  some  hours.  The  bicarbo- 
nate of  oxide  of  ammonium  present  reacts  upon  chloride  of  sodium, 
producing  the  moie  sparingly  soluble  bicarbonate  of  soda,  which 
precipitates  in  crystalline  grains  and  causes  the  liquid  to  become 
thick,  with  chloride  of  ammonium  (sal-ammoniac),  which  remains  in 
solution : — 

HO.CO2  +  NH4O.CO2  and  Na  CI = 

IIO.CO2  +  NaO.COa  and  NH4  CI. 
The  soKd  bicarbonate  of  soda  is  separated  from  the  liquid  by  pressure 
in  a  screw  press;  but  retains  a  portion  of  chloride  of  sodium. 
Messrs.  Hemming  and  Dyer,  who  first  observed  this  reaction,  pro- 
posed it  as  a  process  for  obtaining  carbonate  of  soda  from  common 
salt. 

Sesquicarbonate  of  soda ;  2NaO  +  3C024-4HO ;  164  or  2050. 
— This  salt  presents  itself  occasionally  in  small  prismatic  crystals, 
but  cannot  be  prepared  at  pleasure.  It  is  unalterable  in  the  air,  but 
is  decomposed  in  the  dry  state  by  a  less  degree  of  heat  than  the 
bicarbonate,  notwithstanding  its  containing  a  smaller  excess  of  car- 
bonic acid.  The  theoretical  carbonate  of  water,  supposed  to  resemble 
the  carbonate  of  magnesia,  will  be  HO.CO2  +  HO  +  2HO;  which 
gives  the  salt  in  question,  if  the  last  2H0  are  replaced  by  two  pro- 
portions of  protohydrated  carbonate  of  soda.  Substitutions  of  this 
character  appear  to  be  common  in  the  formation  of  double  carbo- 
nates and  oxalates.  The  bicarbonate  of  potash  may  be  formed  by 
the  substitution  of  carbonate  of  potash  for  the  first  HO,  in  the  same 
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carbonate  of  water,  while  the  other  2 HO  disappear.  The  sesqui- 
carboiiate  of  soda  occurs  native  in  several  places,  particularly  on  the 
banks  of  the  lakes  of  Soda  in  the  province  of  Sukena,  in  Africa, 
whence  it  is  exported  under  the  name  of  Trona  ;  in  Egypt,  Hun- 
gary, and  in  Mexico,  and  has  the  same  proportion  of  water  as  the 
artificial  salt. 

Double  carbonate  of  potash  and  soda. — The  carbonates  of  pot- 
ash and  soda  unite  readily  by  fusion.  A  compound  was  also  ob- 
tained by  M.  Margueritte,  in  transparent  crystals,  by  submitting  a 
solution  of  the  two  carbonates,  in  different  proportions,  to  evapora- 
tion, of  which  'the  formula  is  2(NaO.C02)  +  (KO.CO.J +  18H0. 
These  crystals  may  be  dissolved  without  injury  in  a  solution  of  car- 
bonate of  potash,  but  when  dissolved  in  pure  water  they  are  in  great 
part  decomposed,  and  allow  crystals  of  carbonate  of  soda  to  be 
deposited.  This  double  salt  may  be  analysed  by  evaporating  to  dry- 
ness, after  first  adding  hydrochloric  acid,  to  convert  the  bases  into 
chlorides  of  potassium  and  sodium,  and  then  precipitating  the  former 
by  means  of  bichloride  of  platinum,  as  described  at  page  526. 

SulpliiteofBoda.—'^^O.^O^^X^^O',  63  +  90, ar^87-5  + 1125. 
This  salt  crystallizes  in  oblique  prisms,  and  is  efflorescent  like  the 
sulphate  of  soda,  which  it  much  resembles.  Its  taste  is  sulphureous, 
and  its  reaction  feebly  alkaline.  When  heated  strongly  in  a  close 
vessel,  it  gives  sulphate  of  soda  mixed  with  sulphide  of  sodium.  It 
is  prepared  by  passing  a  stream  of  sulphurous  acid  through  a  solu- 
tion of  the  carbonate  of  soda  (p.  400),  or  on  the  large  scale  by 
exposing  the  crystals  of  carbonate  of  soda,  moistened,  to  the  vapour 
of  burning  sulphur.  This  salt,  and  also  the  sulphite  of  lime,  are 
much  employed  as  an  antichlorey  or  to  remove  the  last  traces  of 
chlorine  from  bleached  cloth  and  the  pulp  of  paper.  A  bisulphite  of 
soda  also  exists,  which  appears  in  irregular  and  opaque  crystals. 

Hijposidphite  ofsoda.—l^^O.^jd^-^^W}'^  79  +  45,  or  987-5 
+  562.5.  This  salt,  of  which  the  preparation  and  some  of  the  pro- 
perties have  already  been  described  (p.  415),  is  inodorous,  persistent 
in  air,  very  soluble  in  water,  and  insoluble  in  alcohol.  It  crystalKzes 
in  large  rhomboidal  prisms,  terminated  by  oblique  faces,  of  which 
the  acute  angles  are  replaced  by  planes.  "Wlien  heated  in  a  covered 
vessel,  it  first  loses  its  water,  and  then  undergoes  decomposition,  and 
is  resolved  into  sulphate  of  soda  and  pentasulphide  of  sodium.  The 
hyposulphite  of  soda  readily  dissolves  chloride  of  silver,  forming  a 
double  salt  of  soda  and  oxide  of  silver,  which  has  an  intensely  sweet 
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taste.  It  also  dissolves  the  red  oxide  of  mercury  easily,  forming  a 
double  salt,  which  readily  decomposes  with  deposition  of  sulphide  of 
mercury.  With  chloride  of  gold,  it  gives  rise  to  the  formation  of 
chloride  of  sodium,  tetrathionate  of  soda,  and  a  double  hyposulphite 
of  soda  and  oxide  of  gold,  of  which  the  formula  is 

Au20.S202  +  3(NaO.S202)+4HO(Eordos  and  Gelis). 

The  use  of  this  last  salt  is  recommended  for  fixing  the  daguerreo- 
type image. 

Sulphate  of  soda,  Glauber's  salt ;  NaO.SOg  +  lOHO;  71-f90, 
or  887*5 +  1125. — This  salt  occurs  crystallized  in  nature,  and  also 
dissolved  in  mineral  waters,  and  is  formed  on  neutralizing  carbonate 
of  soda  by  sulphuric  acid.  But  it  is  more  generally  prepared  by 
decomposing  common  salt  with  sulphuric  acid,  as  in  the  process  for 
hydrochloric  acid  (page  464).  The  sulphate  of  soda  crystallizes 
readily  in  long  prisms,  of  which  the  sides  are  often  channelled,  which 
have  a  cooling  and  bitter  taste,  and  contain  55*76  per  cent,  of 
water,  or  10  equivalents;  in  which  they  fuse  by  a  slight  elevation  of 
temperature,  and  which  they  lose  entirely  by  efflorescence  in  dry  air 
even  at  40°.  At  «32°,  100  parts  of  water  dissolve  5*02  parts  of  anhy- 
drous sulphate  of  soda,  16*73  parts  at  64*2°  (17*91°  C),  50*65  parts 
at  91°,  which  is  the  temperature  of  maximum  solubiUty  of  this  salt, 
and  42*65  parts  at  the  boiling  temperature  of  a  saturated  solution, 
which  is  217*6°  (103*1°  C),  as  observed  by  Gay-Lussac.  In  a 
supersaturated  solution  of  this  salt  (page  315),  crystals  are  some- 
times slowly  deposited,  which  are  different  in  form  and  harder  than 
Glauber^s  salt ;  they  are  long  prisms  with  rhombic  bases,  and  contain 
8  equivalents  of  water,  or  possibly  only  7  equivalents  (Loewel,  Ann. 
Ch.  Phys.  3  ser.  xxix.  62;  or  Chem.  Soc.  Quart.  Journ.  iii.  164). 

M.  Loewel  finds  these  crystals  to  have  a  greater  solubility  than 
the  ten-atom  hydrate.  The  sulphate  of  soda  no  doubt  exists  in  the 
supersaturated  solution  as  eight-atom  hydrate,  and  the  salt  is  induced 
to  crystallize  by  causes  which  make  it  to  assume  two  additional 
equivalents  of  water,  and  form  the  less  soluble  hydrate.  It  is  proved 
that  the  action  of  air  in  causing  crystallization  is  not  from  its  pres- 
sure (Gay-Lussac,  Ann.  Ch.  Phys.  2  ser.  ii.  296) ;  but,  as  I  have 
shown  from  the  solubility  of  air  in  the  saline  solution,  carbonic  acid 
exceeding  air  in  activity  (Edinb.  Trans,  xi.  114).  Loewel  observes, 
among  other  curious  circumstances,  that  a  rod  of  glass  or  metal,  which 
determines  the  formation  of  the  ten-atom  hydrate  when  plunged  into 
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the  supersaturated  solution^  loses  this  property  if  it  is  left  in  coutact  with 
water  for  twelve  hours,  or  if  it  has  been  previously  heated  to  between 
40°  and  100°  C,  and  continues  incapable  of  inducing  crystaUization 
for  ten  days  or  a  fortnight  at  the  ordinary  temperature,  if  preserved 
from  free  coutact  with  the  air.  I  had  previously  put  up  clean  glass 
beads  into  supersaturated  solutions  contained  in  jars  inverted  over 
mercury,  without  determining  crystallization,  and  would  ascribe  the 
action  of  the  glass  surface  to  adhering  soluble  matter,  rather  than 
the  molecular  condition  of  the  glass,  as  supposed  by  M.  Loewel. 

A  saturated  solution  of  sulphate  of  soda,  kept  at  a  temperature 
between  91°  and  104°,  affords  octohedral  crystals  with  a  rhombic 
base,  which  are  anhydrous.  They  are  isomorphous  with  the  h3rper- 
manganate  of  baryta.  Their  density  is  2*642.  The  anhydrous  salt 
fuses  at  a  bright-red  heat,  without  loss  of  acid.  Sulphate  of  soda 
was  at  one  time  the  saline  aperient  in  general  use,  but  is  now  super- 
seded by  sulphate  of  magnesia.  It  is  still,  however,  combined  witli 
the  tartrate  of  potash  and  soda.,  in  Seidlitz  powders. 

The  crystallized  sulphate  of  soda  dissolves  freely  in  hydrochloric 
acid,  or  in  dilute  sulphuric  acid,  and  produces  a  great  degree  of  cold, 
by  which  water  may  easily  be  frozen  in  summer.  A  suitable  appa- 
ratus for  this  purpose  consists  of  a  hollow  cylinder  C  C  (Figs.  158 
and  159),  intended  for  the  reception  of  the  freezing  mixture,  itself 
surrounded  by  a  space  to  contain  the  water  to  be  frozen,  having  the 
external  opening  u,  and  the  whole  protected  by  a  double  casing,  B  B, 
fiUed  with  cotton  or  tow  to  prevent  access  of  heat.  The  cylinder  A 
Fig.  158.  Tig,  159. 
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is  hollow,  and  may  also  have  water  placed  in  it  to  be  frozen.  This 
cylinder  is  turned  on  a  pivot  by  the  handle  above,  and  has  projec- 
tions or  vanes,  C  C,  by  which  the  salt  and  acid  are  conveniently 
agitated.  The  upper  part,  D,  of  this  cylinder  is  filled  with  a  non- 
conducting material.  The  freezing  mixture  is  added  in  charges  of 
about  3  pounds  of  pulverized  sulphate  of  soda,  and  2  pound  measures 
of  hydrochloric  acid,  at  a  time ;  which  are  repeated  after  ten  minutes, 
and  the  stopcock  opened  to  allow  the  acid  solution  to  flow  into  the 
vessel  V  below,  where  its  low  temperature  may  be  further  employed 
to  cool  wine  or  other  beverages.  With  12  pounds  of  sulphate  of 
soda,  and  about  10  pounds  of  acid,  from  10  to  12  pounds  of  ice  may 
be  formed  in  the  course  of  an  hour  in  this  manner. 

The  anhydrous  sulphate  of  soda  also  forms  the  mineral  ThenarcUte, 
which  was  discovered  by  M.  Casasecu  in  the  neighbourhood  of 
Madrid. 
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Fig.  160. 


The  sulphate  of  soda  is  chiefly  formed  as  a  step  in  the  process  of 
preparing  soda  from  common  salt.  The  same  manufacture  gives 
rise  to  the  preparation  of  large  quantities  of  sulphuric  acid,  of  which 
80  pounds  are  required  for  100  pounds  of  salt.  Erom  the  last,  up- 
wards of  50,000  tons  of  soda-ash,  and  20,000  tons  of  crystallized 
carbonate  of  soda,  were  manufactured  in  1838;  and  the  production 
has  since  greatly  increased. 

A  reverberatory  furnace  is  employed  in  soda-making  and  various 
other  chemical  manufactures,  to 
afford  the  means  of  exposing  a  con- 
siderable quantity  of  materials  to 
a  strong  heat,  of  which  a  perpen- 
dicular and  a  horizontal  section  are 
given  in  fig.  160.  It  consists  of 
a  fire-place,  a,  in  which  the  fuel  is 
burned,  of  which  b  is  the  ash-pit, 
with  a  horizontal  flue  expanded  into 
a  small  chamber  or  oven,  d  d,  which 
is  raised  to  a  strong  red  heat  by  the 
reverberation  on  its  walls  of  the 
flame  or  heated  air  from  the  fire,  on 
its  passage  to  the  chimney.     The 
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matters  to  be  heated  are  placed  upon  the  floor  of  this  chamber.  It 
has  an  opening,  i,  in  the  side,  for  the  introduction  of  materials,  and 
another  opening,  g,  at  the  end  most  distant  from  the  fire.  The  chimney 
is  provided  with  a  damper,  p,  by  which  the  draught  is  regulated. 

(1.)  The  sulphate  of  soda  is  prepared  by  throwing  600  pounds  of 
common  salt  into  the  chamber  of  the  furnace,  already  well  heated, 
and  running  down  upon  it,  from  an  opening  in  the  roof,  an  equal 
weight  of  sulphuric  acid  of  density  1'600,  in  a  moderate  stream. 
Hydrochloric  acid  is  disengaged  and  carried  up  the  chimney,  and  the 
conversion  of  the  salt  into  sulphate  of  soda  is  completed  in  four 
hours.  (2.)  The  sulphate  thus  prepared  is  reduced  to  powder  and 
100  parts  of  it  mixed  with  103  parts  of  ground  chalk,  and  62  parts 
of  small  coal  ground  and  sifted.  This  mixture  is  introduced  into  a 
very  hot  reverberatory  furnace,  about  two  hundred  weight  at  a  time. 
It  is  frequently  stirred  until  it  is  uniformly  heated.  In  about  an 
hour  it  fuses ;  it  is  then  well  stirred  for  about  five  minutes,  and  drawn 
out  with  a  rake  into  a  cast-iron  trough,  in  which  it  is  allowed  to  cool 
and  solidify.  This  is  called  ball  soda,  or  black-ash,  and  contains 
about  22  per  cent,  of  alkali.  (3.)  To  separate  the  salts  from 
insoluble  matter,  the  cake  of  ball  soda,  when  cold  is  broken  up,  put 
into  vats,  and  covered  by  warm  water.  In  six  hours  the  solution  is 
drawn  off  from  below,  and  the  washing  repeated  about  eight  times,  to 
extract  all  the  soluble  matter.  These  liquors  being  mixed  together 
are  boiled  down  to  dryness,  and  afford  a  salt  which  is  principally 
carbonate  of  soda,  with  a  little  caustic  soda  and  sulphide  of  sodium. 
(4.)  Por  the  purpose  of  getting  rid  of  the  sulphur,  the  salt  is  mixed  with 
one-fourth  of  its  bulk  of  sawdust,  and  exposed  to  a  low  red  heat  in  a 
reverberatory  furnace  for  about  4  hours,  which  converts  the  caustic 
soda  into  carbonate,  while  the  sulphur  also  is  carried  off.  This  pro- 
duct contains  about  50  per  cent  of  alkali,  and  forms  the  soda-salt 
of  best  quality.  (5.)  If  the  crystallized  carbonate  is  required,  the 
last  salt  is  dissolved  in  water,  allowed  to  settle,  and  the  clear  liquid 
boiled  down  until  a  pellicle  appears  on  its  surface.  The  solution  is 
then  run  into  shallow  boxes  of  cast  iron,  to  crystallize  in  a  cool  place ; 
and  after  standing  for  a  week  the  mother  liquor  is  drawn  off,  the 
crystals  drained,  and  broken  up  for  the  market.  (6.)  The  mother 
liquor,  which  contains  the  foreign  salts,  is  evaporated  to  dryness,  for 
a  soda-salt,  which  serves  for  soap  or  glass  making,  and  contains  about 
30  per  cent,  of  alkali. 

In  fig.  161  a  soda  furnace  is  represented,  consisting  of  two  com- 
partments :  the  first.  A,  in  which  the  sulphate  of  soda  is  decomposed, 
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FiQ.  161. 


and  the  second,  B,  in  which  sulphuric  acid  is  appHed  to  the  chloride 
of  sodium,  and  the  sulphate  of  soda  formed.  The  heat  from  the 
furnace  is  further  economized  by  being  applied  to  evaporate  solutions 
of  carbonate  of  soda  in  C  and  D. 

The  most  essential  part  of  this  process  is  the  fusion  of  sulphate 
of  soda  with  coal  and  carbonate  of  lime :  by  the  first,  the  sulphate  is 
converted  into  sulphide  of  sodium  (page  541) ;  and  by  the  second, 
the  sulphide  of  sodium  is  converted  into  carbonate  of  soda.  These 
changes  may  be  effected  separately  to  a  considerable  extent,  but 
not  completely,  by  calcining  the  sulphate  at  a  higher  temperature 
with  coal  and  carbonate  of  lime  in  succession.  The  lime  becomes  at 
the  same  time  sulphide  of  calcium,  or  it  is  miore  generally  supposed 
to  form  an  oxi-sulphide  of  calcium,  SCaS.CaO,  a  compound  which 
would  destroy  the  carbonate  of  soda,  if  it  was  dissolved  along  with 
that  salt,  in  the  subsequent  lixiviation  of  the  ball  soda.  But  the 
sulphide  of  calcium  being  nearly  insoluble  of  itself,  or  rendered 
entirely  so  by  its  combination  with  lime,  does  not  dissolve  to  a 
sensible  extent  in  the  experiment.  The  application,  however,  of 
very  hot  water  to  the  ball  soda  is  to  be  avoided.  The  following 
diagram  is  used  to  represent  the  chemical  changes  in  this  process, 
supposing  for  simplicity  that  charcoal  is  employed  instead  of  coal, 
and  lime  instead  of  its  carbonate;  the  numbers  denoting  equiva- 
lents : — 

REACTION  IN  THE  SODA  PROCESS. 


Before  decomposition. 


4  Carbon  .... 

Sulphate 
of  soda. 


Lime    . 
4  Lime. 


Carbon 

Oxygen 

Sodium 

Sulphur 

Oxygen 

Calcium 

4-  Lime 


After  decomposition. 
4  Carbonic  oxide. 


Sod 


a. 


Sulphide 
-3-  Lime 


of  calcium 
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Mr.  Gossage  considers  the  additional  -^  equiv.  of  lime  as  super- 
fluous, although  not  injurious  in  the  process.  The  soda  derives 
carbonic  acid  from  the  carbonate  of  lime  or  from  the  gases  of  the 
fire,  and  is  therefore  entirely  carbonate.  No  hydrate  of  soda  is 
dissolved  out  of  tlie  ball  soda  by  alcohol,  but  a  portion  of  the  carbo- 
nate appears  often  to  become  caustic  by  the  action  of  the  caustic  lime, 
in  the  subsequent  lixiviation."^ 

The  insoluble  sulphide  of  calcium  of  this  process  is  known  as  soda- 
waste.  It  is  not  merely  valueless,  but  troublesome  to  the  manufacturer. 
But  the  attempt  has  been  made  to  turn  it  to  account  as  a  source  of 
sulphur.  As  means  are  now  taken  to  condense  the  hydrochloric  acid, 
formerly  sent  up  the  chimney,  this  acid  is  appKed  to  the  soda- 
w^aste,  from  which  it  disengages  hydrochloric  and  carbonic  acids. 
But  hydrochloric  acid  is  not  produced,  in  the  soda  process,  in  ade- 


*  The  analysis,  by  Mr.  F.  Claudet  in  my  laboratory,  of  a  specimen  of  black- ash  from 
Birmingham,  in  which  a  minimum  of  lime  appears  to  have  been  used,  gave  the  following 
results  :  — 


-H  4 


^Carbonate  Soda   . 

35-42 

Sulphide  of  Sodium 
Sulphate  of  Soda 
Chloride  of  Sodium 

1-45 

•78 
2-62 

Silicic  acid 

•58 

^Oxide  of  Iron,  Alumina 

•15 

''Sulphide  of  Calcium     . 

32-90  = 

(  Sulphur  14-6 
\  Calcium  18-9 

Carbonate  of  Lime 

3-73  = 

rLime  2*09 

Magnesia    . 
Oxide  of  Iron 

•56 
1-98 

Alumina     . 

3-59 

Sand  and  Silicic  acid    , 

4-95 

Charcoal     . 
^Water 

]0-57 
•72 

100-00 

The  lime  found  is  not  in  quantity  sufficient  to  form  the  oxi-sulphide  of  calcium, 
SCaS.CaO ;  confirming  the  view  of  the  process  taken  by  Mr.  Gossage.  No  hydrate  of 
soda,  or  sulphide  of  sodium,  was  dissolved  out  of  this  black- ash  by  alcohol.  The  portion 
of  the  last  salt  obtained  in  the  analysis  appeared  to  be  the  result  of  over-washing ;  the 
sulphide  of  calcium  having  a  tendency  to  pass  into  lime  and  the  soluble  hydrosulphate 
of  sulphide  of  calcium,  which  decompose  a  portion  of  the  carbonate  of  soda.  Although 
this  important  process  has  been  much  studied,  its  theory  is  still  incomplete.  The 
furnacing  of  the  sulphate  of  soda  is  promoted  by  aqueous  vapour,  and  a  loss  of  sulphur 
occurs  in  a  way  which  is  not  understood.  See  the  papers  of  Mr.  J.  Brown  (Phil.  Mag. 
xxxiv.  15),  of  M.  B.  linger  (Ann.  Ch.  Pharm.  Ixi.  Ixiii.  and  Ixvii.),  and  the  Annual 
Report  on  the  Progress  of  Chemistry  of  Liebig  and  Kopp,  edited  by  Hofmann  and  De  la 
Rue,  ii.  292,  1847-48. 
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({uate  quantity  for  this  application  of  it,  and  the  carbonic  acid  evolved 
with  the  hydrosulphuric  acid  might  interfere  with  the  combustion  of 
the  latter.  These  difficulties,  however,  are  in  a  great  degree  removed 
by  the  discovery  of  Mr.  Gossage,  that  sulphide  of  calcium,  when 
moistened  with  water,  is  decomposed  easily  and  completely  by  a 
single  equivalent  of  carbonic  acid.  Hence  the  application  of  hydro- 
chloric acid  to  the  waste  may  be  made,  with  the  evolution  of  nothing 
but  hydrosulphuric  acid  ;  and  the  deficiency  in  the  quantity  of 
hydrochloric  acid  may  be  made  up  by  a  supply  of  carbonic  acid,  to 
be  applied  to  the  waste,  from  any  other  source.  The  hydrosulphuric 
acid  would  be  burned,  instead  of  sulphur,  in  the  leaden  chamber,  to 
produce  sulplmric  acid. 

Many  changes  have  been  proposed  upon  the  soda  process.  Sul- 
phate of  iron,  produced  by  the  oxidation  of  iron-pyrites,  is  a  cheap 
salt,  and  may  be  applied  to  convert  chloride  of  sodium  into  sulphate 
of  soda. — (1 .)  By  igniting  a  mixture  of  these  salts  in  a  reverberatory 
furnace,  when  sulphate  of  soda,  sesquioxide  of  iron,  and  volatile  ses- 
quichloride  of  iron  are  produced.  (2.)  By  dissolving  the  salts 
together  in  water,  and  allowing  the  solution  to  fall  to  a  low  tempera- 
ture, when  sulphate  of  soda  crystalhzes,  and  cliloride  of  iron  remains 
in  solution  (Mr.  Phillips)  ;  or  (3.)  By  concentrating  the  last  solution 
at  the  boiling-point,  when  the  same  decomposition  occurs,  anhydrous 
sulphate  of  soda  precipitates,  and  may  be  raked  out  of  the  liquor. 
The  roasting  of  bisulphide  of  iron  with  common  salt  in  a  rever- 
beratory furnace  may  also  be  made  to  furnish  sulphate  of  soda. 
Sulphate  of  magnesia  has  been  substituted  for  sulphate  of  iron,  in 
these  three  modes  of  application ;  but  the  unavoidable  formation  of 
double  salts  of  magnesia  and  soda  makes  the  separation  of  the 
sulphate  of  soda  always  imperfect.  It  has  been  proposed,  instead  of 
furnacing  the  sulphate  of  soda,  to  decompose  it  by  caustic  baryta,  or 
by  strontia,  the  last  earth  being  procured  by  Mr.  Tilghmann,  for  this 
apphcation  of  it,  by  decomposing  the  native  sulphate  of  strontia  from 
Bristol,  by  a  current  of  steam  at  a  red  heat.  Such  a  process  should 
also  furnish  the  sulphuric  acid  required  to  decompose  chloride  of 
sodium  and  form  sulphate  of  soda.  Chloride  of  sodium  may  also  be 
decomposed  by  moistening  and  rubbing  it  in  a  mortar  with  4  or  6 
times  its  weight  of  litharge,  when  an  oxichloride  of  lead  is  formed, 
and  caustic  soda  liberated.  The  decomposition  of  chloride  of  sodium 
by  the  carbonate  of  ammonia,  with  formation  of  bicarbonate  of  soda, 
has  already  been  noticed  (page  553).     It  appears,  however,  that  the 
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soda-process  first  described^  which  was  invented  towards  the  end  of 
the  last  century  by  Leblanc,  is  still  generally  preferred  to  all  others. 

The  old  sources  of  carbonate  of  soda,  namely  harilla,  or  the 
ashes  of  the  salsola  soda,  which  is  cultivated  on  the  coasts  of  the 
Mediterranean,  and  kelp,  the  ashes  of  sea-weeds,  have  ceased  to  be 
of  importance,  at  least  in  England.  Barilla  contains  about  ]  8,  and 
kelp  about  2  per  cent  of  alkali. 

Bisuljihate  of  soda  ;  HO.^O^  +  ^^O.^O^',  3  20  or  1500.  This 
salt  is  obtained  in  large  crystals  on  adding  an  equivalent  of  oil  of 
vitriol  to  sulphate  of  soda,  and  evaporating  the  solution  till  it  attains 
the  degree  of  concentration  necessary  for  crystallization.  If  half  an 
equivalent  only  of  oil  of  vitriol  is  added,  a  sesquisulphate  of  soda 
is  obtained  in  fine  crystals,  according  to  Mitscherlich.  The  ordinary 
bisulphate  of  soda  contains  basic  water,  but  it  may  be  rendered 
anhydrous  by  a  degree  of  heat  approaching  to  redness.  The  salt 
thus  obtained  is  a  true  bisulphate  of  soda,  and  gives  anhydrous  sul- 
phuric acid  when  distilled  at  a  red  heat. 

Nitrate  of  soda ;  NaO.NOg ;  85  or  1062.5.— This  salt  crystallizes 
in  the  rhomboidal  form  of  calc-spar;  density  2.260.  It  is  soluble 
in  twice  its  weight  of  water,  and  has  a  tendency  to  deliquesce  in 
damp  air.  It  burns  much  slower  with  combustibles  than  nitrate  of 
potash,  and  cannot  therefore  be  substituted  for  that  salt  in  the  manu- 
facture of  gunpowder.  It  is  now  generally  had  recourse  to,  as  the 
source  of  nitric  acid,  and  is  also  largely  used  in  agriculture.  Nitrate 
of  soda  is  found  abundantly  in  the  soil  of  some  parts  of  India ;  and 
it  forms  a  thin  but  very  extensive  bed  covered  by  clay  at  Atacama  in 
Peru,  from  which  it  is  exported  in  great  quantity. 

Chlorate  of  soda  (NaO.ClOg)  is  formed  by  mixing  strong  solu- 
tions of  bitartrate  of  soda  and  chlorate  of  potash,  when  the  bitartrate 
of  potash  precipitates,  and  the  chlorate  of  soda  remains  in  solution. 
It  crystallizes  in  fine  tetrahedrons,  and  is  considerably  more  soluble 
than  chlorate  of  potash. 

Phosphates  of  soda. — There  are  three  crystallizable  phosphates 
of  soda  belonging  to  the  tribasic  class,  which  I  shall  describe  under 
their  most  usual  names. 

Phosphate  of  soda;  HO.  2NaO.  POg  +  24HO ;  359  or  4487.5.— 
This  is  the  salt  known  in  pharmacy  as  phosphate  of  soda,  and 
formed  by  neutralizing  phosphoric  acid  from  burnt  bones  (page  440) 
with  carbonate  of  soda.  It  crystallizes  in  oblique  rhombic  prisms, 
which  are  efflorescent,  and  essentially  alkaline.     M.  Malaguti  is,  I 
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believe,  mistaken  in  ascribing  26  equivs.  of  water  to  this  salt.  The 
taste  of  phosphate  of  soda  is  cooling  and  saline,  and  less  disagree- 
able than  sulphate  of  magnesia,  for  wliich  it  may  be  substituted  as 
an  aperient.  It  dissolves  in  4  times  its  weight  of  cold  water,  and 
fuses  in  its  water  of  crystallization,  when  moderately  heated. 
When  evaporated  above  90°,  this  salt  crystallizes  in  another 
form  with  14  instead  of  24  atoms  of  water  (Clark).  It  is  deprived 
of  half  its  alkali  by  hydrochloric  acid  in  the  cold,  but  not  by  acetic 
acid. 

Suhphosphate  of  soda  ;  3NaO.P05  +  24HO  ;  381  or  4762.5.— 
I^ormed  when  an  excess  of  caustic  soda  is  added  to  the  preceding 
salt.  It  crystallizes  in  slender  six-sided  prisms,  with  flat  terminations, 
which  are  unalterable  in  air;  but  the  solution  of  this  salt  rapidly 
absorbs  carbonic  acid,  and  is  deprived  of  one-third  of  its  alkali  by 
the  weakest  acids.  The  crystals  dissolve  in  5  times  their  weight  of 
water  at  60°,  and  undergo  the  watery  fusion  at  170°.  This  salt 
continues  tribasic  after  being  exposed  to  a  red  heat. 

Biphosphate  of  soda ;  2HO.NaO.P05  +  2HO;  139  or  1737.5.— 
Obtained  by  adding  tribasic  phosphate  of  water  to  phosphate  of 
soda,  till  the  latter  ceases  to  produce  a  precipitate  with  chloride  of 
barium.  The  solution  afi'ords  crystals,  in  cold  weather,  of  which 
the  ordinary  form  is  a  right  rhombic  prism,  having  its  larger  angle 
of  93°  54'.  But  this  salt  is  dimorphous,  occurring  in  another  right 
rhombic  prism,  of  which  the  smaller  angle  is  78°  30',  terminated  by 
pyramidal  planes,  isomorphous  with  binarseniate  of  soda.  The  bi- 
phosphate  of  soda  is  very  soluble,  and  has  a  distinctly  acid  reaction. 
Like  all  the  other  soluble  tribasic  phosphates,  it  gives  a  yellow 
precipitate  with  nitrate  of  silver,  which  is  tribasic  phosphate  of 
silver. 

Phosphate  of  soda  and  ammoniay  Microcosmic  salt  ;  HO. 
NH40.NaO.P05  +  8HO;  201  or  2512.5.— This  salt  is  obtained  by 
heating  together  6  or  7  parts  of  crystallized  phosphate  of  soda,  and 
2  parts  of  water,  till  the  whole  is  liquid,  and  then  adding  1  part  of 
pulverized  sal-ammoniac.  Chloride  of  sodium  separates,  and  the 
solution,  filtered  and  concentrated,  afi'ords  the  phosphate  in  prismatic 
crystals.  It  is  purified  by  a  second  crystallization.  This  salt  occurs 
in  urine.  It  is  much  employed  as  a  flux  in  blow-pipe  experiments. 
By  a  slight  heat  it  loses  8H0,  by  a  stronger  heat  it  is  deprived  of 
its  remaining  water  and  ammonia,  and  converted  into  metaphosphate 
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of  soda,  which  is  a  very  fusible  salt.  It  will  be  observed  that  the 
three  atoms  of  base  in  this  phosphate  are  all  different, — namely, 
water,  oxide  of  ammonium,  and  soda ;  of  which  the  two  last  belong 
to  the  same  natural  family,  for  bases  of  the  same  family  may  exist 
together  in  the  salts  of  bibasic  and  tribasic  acids,  forming  stable 
compounds,  but  not  in  ordinary  double  salts.  No  phosphate  exists, 
corresponding  with  microcosmic  salt,  but  containing  potash  instead 
of  oxide  of  ammonium ;  the  phosphate  of  soda,  with  14  HO,  has  been 
mistaken  for  such  a  salt. 

Pyrophosphate  of  soda ;  2NaO.PO5  +  10HO  ;  134  +  90,  or 
1675  +  1125. — Procured  by  heating  the  phosphate  of  soda  to  red- 
ness, when  it  loses  its  basic  water  as  well  as  its  water  of  crystalliza- 
tion. The  residual  mass  dissolved  in  water  affords  a  salt,  which  is 
less  soluble  than  the  original  phosphate,  and  crystallizes  in  prismatic 
crystals,  which  are  permanent  in  air,  and  contain  ten  atoms  of  water. 
Its  solution  is  essentially  alkaline.  This  salt  is  precipitated  white, 
by  nitrate  of  silver.  It  is  to  be  remarked  that  insoluble  pyrophos- 
phates, including  pyrophosphate  of  silver,  are  soluble  to  a  considerable 
degree  in  the  solution  of  pyrophosphate  of  soda.  The  pyrophos- 
phates of  potash  and  of  ammonia  can  exist  in  solution,  but  pass  into 
tribasic  salts  when  they  crystallize. 

A  hipyrophosphate  of  soda  (HO.NaO.PO5)  exists,  obtained 
by  the  application  of  a  graduated  heat  to  the  biphosphate  of 
soda,  but  it  does  not  crystallize.  Its  solution  has  an  acid  re- 
action. 

Metaphosphate  of  soda;  NiiO.POg,  103.  or  1287.5.— The 
biphosphate  of  soda,  containing  only  one  equivalent  of  fixed  base, 
affords  the  metaphosphate  of  soda,  when  heated  to  redness.  The 
metaphosphate  of  soda  fuses  at  a  heat  which  does  not  exceed  low 
redness,  and  on  cooling  rapidly  forms  a  transparent  glass,  which  is 
deliquescent  in  damp  air,  and  very  soluble  in  water,  but  insoluble  in 
alcohol :  its  solution  has  a  feebly  acid  reaction,  which  can  be  nega- 
tived by  the  addition  of  4  per  cent  of  carbonate  of  soda.  When 
evaporated,  this  solution  does  not  give  crystals,  but  dries  into  a 
transparent  pellicle,  like  gum,  which  retains  at  the  temperature  of 
the  air  somewhat  more  than  a  single  equivalent  of  water.  Added  to 
neutral,  and  not  very  dilute  solutions  of  earthy  and  metallic  salts, 
metaphosphate  of  soda  throws  down  insoluble  hydrated  metaphos- 
phates,  of  which  the  physical  condition  is  remarkable.     They  arc  all 
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soft  solids,  or  semifluid  bodies ;  the  metaphosphate  of  lime  having 
the  degree  of  fluidity  of  Venice  turpentine. 

The  bipyrophosphate  of  soda  appears  to  undergo  several  changes 
under  the  influence  of  heat  before  it  becomes  metaphosphate.  At  a 
temperature  of  500°,  the  salt  becomes  nearly  anhydrous,  and  affords 
a  solution  which  is  neutral  to  test-paper,  but  in  other  respects  re- 
sembles the  bipyrophosphate.  But  at  temperatures  which  are  higher, 
but  insufficient  for  fusion,  the  salt  being  anhydrous,  appears  to  have 
lost  its  solubility  in  water ;  at  least  it  is  not  affected  at  first  when 
thrown  in  powder  into  boiling  water,  but  gradually  dissolves  by  con- 
tinued digestion,  and  passes  into  the  preceding  variety. — (Phil.  Trans. 
1833,  p.  275). 

When  the  fused  metaphosphate  of  soda  is  slowly  cooled,  it 
forms  a  crystalline  mass,  as  observed  by  Meitmann  and  Hen- 
neberg,  and  gives  a  crystallizable  metaphosphate  of  soda  (page 
448). 

Borax,  Bihorate  of  soda,  NaO.2BO3H-10HO;  1008.8 -f  90 
or  1260.  H- 1125. — This  salt  is  met  with  in  commerce  in  large  hard 
crystals.  It  is  found  in  the  water  of  certain  lakes  in  Trannsylvania, 
Tartary,  China,  and  Thibet,  and  is  deposited  in  their  beds  by  spon- 
taneous evaporation.  It  is  imported  from  India  in  a  crude  state, 
and  enveloped  in  a  fatty  matter,  under  the  name  of  Ti/ikal,  and 
afterwards  purified.  But  nearly  the  whole  borax  consumed  in  Eng- 
land is  at  present  formed  by  neutrahzing,  with  carbonate  of  soda,  the 
acid  from  the  boracic  lagoons  of  Tuscany.  The  ordinary  crystals  of 
borax  are  prisms  of  the  oblique  system,  containing  10  atoms  of  water, 
of  density  1*692  ;  but  it  also  crystallizes  at  133°  in  regular  octohe- 
drons,  which  contain  only  5  atoms  of  water.  This  salt  has  a  sweetish, 
alkaline  taste ;  for,  although  containing  an  excess  of  acid,  it  has  an 
alkaline  reaction,  like  the  bicarbonate  of  soda,  and  is  soluble  in  10 
parts  of  cold,  and  2  parts  of  boiling  water. 

The  anhydrous  salt  is  very  fusible  by  heat,  and  forms  a  glass  of 
density  2*367.  This  glass  possesses  the  property  of  dissolving  most 
metallic  oxides,  the  smallest  portions  of  which  colour  it.  As  the 
metal  may  often  be  discovered  by  the  colour,  borax  is  valuable  as  a 
flux  in  blow-pipe  experiments.  I'or  this  purpose  a  thin  platinum 
wire   is  gener*ally  used,  one  end  of  which  Fig.  162. 

is  bent  into  a  hook  (fig.  162).     The  loop _ — ^-^ 

being  slightly  moistened,   is  dipped  into  a 

fine  powder  of  anhydrous  borax,  and  a  minute  portion  of  the  metallic 
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oxide  which  we  wish  to  determine  is  also  taken  up  on  the  loop.  The 
matter  is  then  fused  in  the  flame 
of  a  candle  or  spirit-lamp  directed 
upon  it  by  means  of  a  mouth  blow- 
pipe (fig.  163.)  Often  two  dif- 
ferent colourations  are  obtained 
when  the  metal  has  more  than  one 
oxide,  according  as  the  substance 
is  heated  in  the  reducing  or  white  " 

portion  of  the  flame,  which,  in  the  blow-pipe  flame,  is  at  h  (tig.  164), 
or  in  the  oxidating  spheres  a  a,  Yig.  164. 

and  at  the  point  ^,  where  there 
is  an  excess  of  atmospheric  air. 
To  produce  the  colour  of  the 
protoxide,  we  expose  to  the  re- 
ducing flame;  and  to  produce 
the  colour  of  the  peroxide,  we  expose  to  the  oxidizing  flame. 

As  pieces  of  metal  could  not  be  soldered  together  if  covered  by 
oxide,  borax  is  fused  with  the  solder  upon  the  surface  of  the  metals 
to  be  joined,  to  remove  the  oxide.  Borax  is  also  a  constituent  of  the 
soft  glass,  known  as  jewellers'  paste,  which  is  coloured  to  imitate 
precious  stones.  But  the  most  considerable  consumption  of  this 
salt  is  in  the  potteries,  in  the  formation  of  a  glaze  for  porcelain. 

A  neutral  borate  of  soda  is  formed  by  calcining  strongly  1  eq.  of 
borax  with  1  eq.  of  carbonate  of  soda,  when  carbonic  acid  is  expelled. 
The  solution  yields  a  salt  belonging  to  the  oblique  prismatic  system, 
of  which  the  formula  is,  NaO.BOg  +  8H0.  When  heated,  it  fuses  in 
its  water  of  crystallization,  and  is  expanded  into  a  vesicular  mass  of 
extraordinary  magnitude  by  the  vaporization  of  that  water. 

When  borax  is  fused  with  carbonate  of  soda  in  excess,  the  quantity 
of  carbonic  acid  which  escapes  indicates  the  formation  of  a  borate, 
3NaO  +  2BO3,  but  which  has  not  been  farther  examined.  Notwith- 
standing this,  a  solution  of  borax  in  water  is  decomposed,  and  the 
boracic  acid  entirely  liberated,  by  a  stream  of  either  carbonic  or  hydro  - 
sulphuric  acid.  Silicic  acid,  however,  in  its  soluble  modification, 
has  no  decomposing  action  upon  a  solution  of  borax.  Boracic  acid, 
therefore,  appears  to  stand  in  the  scale  of  acids  above  silicic,  but 
below  carbonic  acid.  A  saturated  solution  of  borax  readily  dissolves 
a  large  amount  of  arsenious  acid,  forming  a  compound  remarkable 
for  its  great  solubility  in  water.     This  contains,  according  to  Prof. 
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E.  Scliweitzer,  arsenite  of  soda,  borate  of  soda,  and  a  compound 
of  arsenious  and  boracic  acids,  and  is  probably  represented  by  the 
formula — 

NaO.  AsOg  +  2(Na0.2B03)  +  ^(BOa.EAsOa)  +  lOHO. 

A  salt  is  said  to  exist,  formed  of  NaO  +  4BO3,  but  to  crystallize 
with  difficulty,  produced  on  combining  borax  with  a  quantity  of  boracic 
acid  equal  to  what  it  already  contains.  M.  Laurent  has  also  shewn 
that  a  sexborate  of  soda  exists  in  solution,  but  is  not  crystallizable.^ 
Tlie  borates  of  potash  have  also  been  examined  by  Laurent.  The 
sexborate  crystallizes  well;  its  formula  is  KO.6BO3  +  IOHO.  A 
triborate  is  represented  by  K0.8B03-f  8H0;  the  biboratc  corre- 
sponds in  composition  with  octohedral  borax,  but  has,  notwithstand- 
ing, a  different  and  incompatible  form. 

A  simple  and  very  accurate  method  of  analyzing  borax  is,  to  add 
an  excess  of  hydrochloric  acid  to  a  solution  of  the  salt,  and  evaporate 
to  dryness  on  the  water-bath,  adding  a  few  more  drops  of  hydrochloric 
acid  towards  the  end  of  the  operation.  The  mass,  when  perfectly 
dry,  is  re-dissolved  in  water,  a  little  nitric  acid  mixed  with  the  solu- 
tion, and  the  chlorine  precipitated  by  nitrate  of  silver ;  from  the 
amount  of  chloride  of  silver  that  of  the  chlorine  is  deduced,  and  from 
the  latter  the  quantity  of  soda.  The  alkaline  bases  of  ail  the  other 
borates  may  be  obtained  wholly  as  chloride  by  a  similar  treatment, 
(Schweitzer,  Chem.  Gaz.  1850,  p.  281.) 

Silicates  of  soda.— Th^  earth  silica,  or  silicic  acid,  SiOy  (page 
392),  is  dissolved  by  caustic  soda,  and  gives,  by  slow  evaporation,  a 
crystaUized  silicate  of  soda,  3Na0.2Si03  (Fritzsche).  A  concentrated 
solution  of  caustic  soda  at  a  high  temperature  under  pressure  dis- 
solves silica  freely  even  in  the  form  of  flint  or  of  quartzy  sand,  and 
gives  a  similar  silicate,  which  is  used  by  Mr.  Eansome  of  Ipswich 
for  the  induration  of  plaster  and  cements,  and  the  formation  of  arti- 
ficial stone. 

When  silicic  acid  is  thrown  into  carbonate  of  potash  or  soda,  in  a 
state  of  fusion  by  heat,  a  fusible  silicate  is  formed,  in  which,  judging 
from  the  quantity  of  carbonic  acid  expelled,  3  eq.  of  soda  are  also 
combined  with  2  eq.  of  silicic  acid,  and  the  oxygen  in  the  soda  is  to 
that  in  the  silicic  acid  as  1  to  2.  This  silicate  dissolves  in  the  clear 
and  liquid  carbonate.     When,  on  the  other  hand,  a  greater  propor- 

*  Ann.  de  Ch.  ct  de  Ph.  Ixvii.,  218. 
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tion  of  silicic  acid  is  fused  with  the  carbonate,  the  whole  carbonic  acid 
of  the  latter  is  expelled,  and  the  excess  of  silicic  acid  then  dissolves 
in  the  silicate.  The  silicic  acid  and  silicate  of  such  mixtures  do  not 
separate  by  crystallizatioUj  but  uniformly  solidify  together,  on  cool- 
ing, as  a  homogeneous  glass,  whatever  their  proportions  may  be.  It 
is  thus  impossible  to  obtain  alkaline  silicates,  which  are  certainly 
definite  combinations,  in  the  dry  way.  A  mixture  of  silicic  acid  with 
potash  or  soda,  in  which  the  oxygen  of  the  former  is  to  that  of  the 
latter  as  1 8  to  1,  is  said  still  to  be  fusible  by  the  heat  of  a  forge ; 
but  when  the  proportion  is  as  30  to  1,  the  mixture  merely  aggluti- 
nates, or  frits.  These  combinations,  even  with  a  large  quantity  of 
sihcic  acid,  continue  to  be  soluble  in  water. 

A  compound,  known  as  soluble  glass,  is  obtained  by  fusing 
together  8  parts  of  carbonate  of  soda  (or  10  of  carbonate  of  potash) 
with  15  of  fine  sand  and  1  of  charcoal.  The  object  of  the  charcoal 
is  to  facilitate  the  combination  of  the  silicic  acid  with  the  alkali,  by 
destroyhig  the  carbonic  acid,  which  it  converts  into  carbonic  oxide. 
This  glass,  when  reduced  to  powder,  is  not  attacked  by  cold  water, 
but  is  dissolved  by  4  or  5  parts  of  boiling  water.  The  solution  may 
be  applied  to  objects  of  wood,  and,  when  dried  by  a  gentle  heat, 
forms  a  varnish,  which  imbibes  a  little  moisture  from  the  air,  but  is 
not  decomposed  by  carbonic  acid,  nor  otherwise  alterable  by  exposure. 
Stuffs  impregnated  with  the  solution  lose  much  of  their  combusti- 
bility, and  wood  is  also  defended  by  it,  to  a  certain  degree,  from 
combustion. 
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The  alkaline  silicates,  cooled  quickly  or  slowly,  never  exhibit  a 
crystalline  structure,  but  are  uniformly  vitreous  (p.  178).  They 
are  the  bases  of  the  ordinary  varieties  of  glass,  which  contain  earthy 
silicates  besides,  but  appear  to  owe  the  vitreous  character  to  the 
silicates  of  potash  and  soda.  The  silicate  of  lime,  and  the  silicate  of 
the  protoxide  of  iron,  crystallize  on  cooUng ;  so  does  the  sihcate  of 
lead,  unless  it  contains  a  large  excess  of  oxide  of  lead.  The  addition 
of  the  silicate  of  potash  or  soda  deprives  them  entirely  of  this  pro- 
perty; the  silicate  of  alumina  considerably  diminishes  it.  But  if 
silicates  of  potash  or  soda  are  heated  for  a  long  time,  the  alkali  may 
in  part  escape  in  vapour,  and  if  other  bases  exist  in  the  compound, 
it  then  often  assumes  a  crystalHne  structure  on  cooling.    The  alkaline 
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silicates  by  themselves  are  soluble  in  water,  and  decomposed  by 
acids ;  the  silicate  of  lime  is  also  dissolved  by  acids,  but  the  double 
silicates,  on  the  contrary,  resist  the  action  of  acids,  particularly  when 
they  contain  an  excess  of  silicic  acid,  and  form  an  available  glass.  The 
following  table  exhibits  the  composition  of  the  best  known  kinds  of 
glass,  from  the  analyses  of  Dumas  and  of  Taraday  : — 


COMPOSITION  OF  VARIETIES  OF  GLASS. 


Silicic 
acid. 

Potash. 

Lime. 

Ox.  lead. 

Almnina. 

Water. 

Bohemian  glass 

69 

12 

9 

0 

10 

0 

Crown-glass     . 

63 

22 

12 

0 

3 

0 

Window-glass  . 

69 

11  soda 

13 

0 

7 

0 

Bottle-glass      . 

54 

5 

29 

6  ox.  iron 

0 

0 

Flint-glass  .     . 

45 

12 

0 

43 

0 

0 

Crystal       .     . 

61 

6 

0 

33 

0 

0 

Strass    .     .     . 

38 

8 

0 

53 

1 

0 

Soluble  glass    . 

62 

26 

0 

0 

0 

12 

The  analysis,  by  Mr.  T.  Rowney,  of  the  superior  Bohemian  glass, 
which,  on  account  of  its  difficult  fusibility,  is  employed  for  com- 
bustion-tubes, gave  silicic  acid  73.]  3,  potash  11.49,  soda  3.07,  lime 
10.43,  alumina  0.30,  sesquioxide  of  iron  0.13,  magnesia  0.26, 
protoxide  of  manganese  0.46  =  99.27.  The  oxygen  of  the  bases  is 
to  that  of  the  silicic  acid  as  1  to  6.  The  specimen  was  decomposed 
by  fusion  with  carbonate  of  soda,  for  the  earths,  and  by  fusion  with 
hydrate  of  baryta  for  the  alkalies  (Mem.  Chcm.  Soc.  iii.  299.) 

Silicate  of  soda  and  lime, — To  form  window-glass,  100  parts  of 
a  quartzy  sand  are  taken,  with  35  to  40  parts  of  chalk,  30  to  35 
parts  of  carbonate  of  soda,  and  180  parts  of  broken  glass.  These 
materials  are  first  fritted,  or  heated  so  as  to  cause  the  expulsion  of 
water  and  carbonic  acid,  and  to  produce  an  agglutination  of  their 
particles,  and  afterwards  completely  fused  in  a  large  clay  crucible  of 
a  peculiar  construction ;  or  fused  at  once,  the  fritting  being  now 
generally  discontinued.  Por  the  first  formation  of  the  glass  a  higher 
temperature  is  required  than  that  at  which  it  is  most  thick  and 
viscid,  and  in  the  proper  condition  for  working  it.  At  the  latter  tem- 
perature the  substance  possesses  an  extraordinary  degree  of  ductility, 
and  may  be  drawn  out  into  threads  so  fine  as  to  be  scarcely  visible 
to  the  eye.  A  portion  of  the  plastic  mass,  on  the  extremity  of  an 
iron  tube  used  as  a  blow-pipe,  may  be  expanded  into  a  globular 
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flask,  and  pressed  or  bent  into  vessels  of  any  form,  wliicli  may  be 
pared  and  fashioned  by  the  scissors.  At  a  lower  temperature,  glass 
vessels  become  rigid,  and,  when  cold,  brittle  in  the  extreme,  unless 
they  be  annealed,  that  is,  kept  for  several  hours  at  a  temperature 
progressively  lowered  from  the  highest  degree  which  the  glass  can 
l)ear  without  softening  to  the  temperature  of  the  atmosphere.  The 
well-known  glass  tears,  or  Prince  Eupert^s  drops,  as  they  are  called, 
which  are  made  by  allowing  drops  of  melted  glass  to  fall  into  water, 
illustrate  the  peculiar  properties  of  unannealed  glass.  The  surface 
becoming  solid  by  the  sudden  cooling,  while  the  interior  is  still  at  a 
high  temperature,  and  consequently  dilated,  the  drop  is  of  greater 
volume  than  it  would  be  if  cooled  slowly  and  equally  throughout  its 
mass.  Its  particles  are  thus  in  a  state  of  extreme  tension,  and  an 
injury  to  any  part  causes  the  whole  mass  to  fly  to  pieces.  The 
fracture  of  unannealed  vessels,  which  is  the  immediate  consequence 
of  scratching  their  surface,  has  been  compared  to  the  efi'ect  upon  a 
sheet  of  cloth  forcibly  stretched,  of  injuring  its  edge  in  the  smallest 
degree  by  a  knife  or  scissors.  It  then  ceases  to  preserve  its  integrity 
by  resisting  the  tension,  and  is  torn  across.  The  relative  proportions 
of  the  ingredients  of  this  and  other  species  of  glass  is  subject  to 
some  variation.  But  the  oxygen  in  the  bases  of  window-glass  is  to  the 
oxygen  of  the  silicic  acid  nearly  as  1  to  4 ;  the  composition  approach- 
ing the  formula  3Na0.3CaO-f  SSiOg.  This  glass  has  a  green  tint, 
which  is  very  obvious  in  a  considerable  mass  of  it,  occasioned  in  part, 
it  may  be,  by  the  impurities  of  the  materials,  but  a  certain  degree  of 
which  appears  to  be  essential  to  a  soda-glass.  .  Yov  in  all  the  finer 
and  entirely  colourless  varieties  of  glass  it  is  necessary  to  use  potash. 
Silicates  of  potash  and  lime. — Plate-glass  used  for  mirrors, 
crown-glass,  and  the  beautiful  Bohemian  glass,  are  of  this  compo- 
sition. In  the  most  remarkable  varieties  the  oxygen  of  the  bases  is 
to  that  of  the  acid  as  1  to  6,  and  the  oxygen  of  the  lime  to  that  of 
the  potash  in  proportions  which  vary  from  I  and  f  to  1  and  1.  Its 
composition  approaches  the  formula  KO.CaO  +  4Si03.  This  is  the 
glass  of  most  difficult  fusibility,  and  therefore  most  suitable  for  the 
combustion-tubes  employed  in  organic  analysis.  Prom  its  purity, 
and  the  absence  of  oxide  of  lead,  it  is  also  made  the  basis  of  most 
coloured  glasses,  and  of  stained  glass.  To  produce  coloured  glasses 
certain  metallic  oxides  are  mixed  with  the  fused  glass  in  the  pot ; 
oxide  of  cobalt,  for  instance,  for  a  blue  colour,  oxide  of  copper  for 
green,  binoxide  of  manganese  in  small  proportion  for  an  amethystine 
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glass,  and  in  large  propoi-tion  for  a  black  glass,  peroxide  of  uranium 
for  a  delicate  lemon-yellow  tint,  and  gold  for  a  ruby  glass.  In 
stained  glass,  on  the  other  hand,  the  metal  or  metallic  oxide  is  merely 
applied  with  a  proper  flux  to  the  surface  of  the  glass,  which  is  then 
exposed  in  an  oven  to  a  temperature  sufficient  to  fuse  the  colouring 
matter,  without  distorting  the  sheet  of  glass.  Different  shades  of 
yellow  and  orange  are  thus  produced  by  means  of  silver  and  anti- 
mony, and  a  superb  ruby-red  by  a  proper,  but  difficult,  application 
of  suboxide  of  copper.  The  beautiful  avanturine  glass  contains 
crystals  of  metallic  copper.  The  green  shade  of  ordinary  glass  is 
chiefly  due  to  protoxide  of  iron,  and  is  corrected  by  a  small  addition 
of  binoxide  of  manganese  (hence  called  pyrolimte),  which  raises 
the  iron  to  the  state  of  sesquioxide,  in  which  it  is  not  injurious, 
while,  at  the  same  time,  the  binoxide  of  manganese,  by  losing  oxygen, 
passes  into  the  state  of  the  colourless  protoxide  of  that  metal. 

Silicates  of  j)otash  and  lead, — These  substances  enter  into  the 
composition  of  the  purer  and  more  brilliant  species  of  glass  in  use  in 
this  country;  such  as  that  called  crystal,  of  which  most  drinking 
vessels  are  made,  flint-glass  for  optical  purposes,  and  strass,  which  is 
employed  in  imitations  of  the  precious  stones.  Tor  crystal,  the  ma- 
terials are  taken  in  the  following  proportions  :  120  parts  of  fine  sand, 
about  40  of  purified  potashes,  35  of  litharge  or  minium,  and  12  of 
nitre.  In  this  glass  the  oxygen  of  the  bases  is  to  that  of  the  silicic  acid 
as  1  to  a  number  which  may  vary  from  7  to  9,  and  the  oxygen  of  the 
potash  is  to  that  of  the  oxide  of  lead  as  1  to  a  number  varying  from 
1  to  2.5.  In  flint-glass,  and  in  strass,  the  oxygen  of  the  bases  is  to 
that  of  the  silicic  acid  as  1  to  4,  and  the  oxygen  of  the  potash  is  to  that 
of  the  oxide  of  lead  as  2  to  3  in  flint-glass,  and  as  1  to  3  in  strass, 
(Dumas).  The  more  oxide  of  lead  glass  contains,  the  higher  its 
density;  the  density  of  this  kind  of  glass  exceeding  3.6,  while  that 
of  the  Bohemian  glass  does  not  rise  higher  than  2.4.  Glass  con- 
taining oxide  of  lead  is  recommended  by  its  greater  fusibility  and 
softness,  by  which  it  is  more  easily  fashioned  into  various  forms,  and 
by  its  great  brilliancy,  which  is  remarkable  in  lustres  and  other 
objects  of  cut  glass.  The  presence  of  lead  in  glass  is  at  once  dis- 
covered by  its  surface  acquiring  a  metallic  lustre  when  heated  to 
redness  in  the  reducing  flame.  Enamel  is  a  white  and  very  fusible 
glass,  containing  a  white  opaque  substance  suspended  in  its  mass. 
It  is  generally  prepared  from  the  st annate  of  lead,  formed  by  heat- 
ing and  oxidizing  together  15  parts  of  tin  and  100  of  lead.     This  is 
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afterwards  fused  with  50  parts  of  sand  and  40  parts  of  carbonate  of 
potash.  Besides  binoxide  of  tin,  arsenious  acid,  oxide  of  antimony, 
phosphate  of  lime,  and  sulphate  of  potash,  are  employed  to  give 
opacity  to  enamel. 

Silicates  of  alumina,  of  the  oxides  of  iron,  magnesia,  and  potash 
or  soda. — Green  or  bottle-glass,  of  which  wine-bottles,  carboys,  and 
glass  articles  of  low  price  consist,  is  a  mixture  of  these  silicates.  It 
is  formed  of  the  cheapest  materials,  such  as  sand,  with  soap-makers' 
waste,  lime  that  has  been  used  to  render  alkali  caustic,  &c.  In  the 
bottle-glass  of  this  country  the  small  quantity  of  alkali  is  chiefly  soda. 
The  alkaline  sulphates,  when  fused  with  silicic  acid  and  carbonaceous 
matter,  lose  their  sulphuric  acid,  and  become  silicates ;  even  common 
salt  is  decomposed  by  the  united  action  of  silicic  acid  and  the  aqueous 
vapour  in  flame,  but  much  of  it  is  lost  from  its  own  volatiHty.  The 
proportion  of  silicic  acid  to  the  bases  is  much  less  in  this  than  in  the 
other  kinds  of  glass,  the  oxygen  of  the  former  being  to  the  latter  as 
2  to  1 ;  and  the  oxygen  of  the  alumina  and  sesquioxide  of  iron  equal 
to  that  of  the  potash  and  lime.  This  glass  is,  in  fact,  a  mixture  of 
neutral  and  subsilicates,  and,  when  it  contains  an  excess  of  lime,  is 
more  apt  than  any  of  the  preceding  species  to  assume  a  crystalline 
structure  when  maintained  long  in  a  soft  condition  by  heat. 

A  bottle  of  green  glass  may  be  devitrified,  or  converted  into  what 
is  called  Eeaumur's  porcelain,  by  enveloping  it  in  sand,  and  placing 
it  where  its  temperature  is  kept  high  for  several  weeks,  as  in  a  brick- 
kiln or  porcelain-furnace.  Glass  of  all  kinds,  when  strongly  and 
repeatedly  heated,  loses  alkali,  from  its  volatility ;  the  glass  then 
becomes  harder  and  less  fusible,  and  is  not  so  easily  wrought, — a 
circumstance  which  may  sometimes  be  remarked  in  blo^ving  a  bulb 
upon  a  tube  which  has  been  too  long  exposed  to  the  blow-pipe  flame. 
Glass  of  all  kinds,  when  well  manufactured,  is  supposed  to  be  in- 
soluble in  water,  but  it  is  eventually  acted  upon,  and  soonest  when 
its  natural  surface  is  broken ;  water  tending  to  resolve  glass  into  a 
soluble  alkaline  sihcate  and  an  insoluble  earthy  siHcate.  Glass 
bottles  containing  a  large  proportion  of  lime  may  be  corroded  through 
by  sulphuric  acid.  An  excess  of  alumina  also  makes  glass  very 
easily  attacked  by  acids,  even  by  the  bitartrate  of  potash  in  wines. 
In  common  with  aU  natural  and  artificial  silicates,  glass  is  attacked 
by  hydrofluoric  acid,  with  the  formation  of  the  volatile  fluoride  of 
silicon.  (See  the  Treatise  on  Glass,  in  Knapp's  Chemical  Tech- 
nology, edited  by  Ronalds  and  Richardson,  vol.  ii.) 
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Ullrcwiari/ic. —This  beautiful  blue  pigment  is  extracted  by  me- 
chanical operations  from  the  mineral  Lajjis  lazuli.  The  structure 
of  the  mineral  is  granular  and  slightly  laminated  :  its  constituents 
are,  silicic  acid  45.40,  alumina  31.67,  soda  9.09,  sulphuric  acid  5.89, 
sulphur  0.95,  lime  3.52,  iron  0.86,  chlorine  0.42,  water  0.12  = 
97.92.  It  was  first  imitated  successfully  by  M.  Guimet  in  1827. 
The  process,  according  to  M.  Debette,  appears  to  be  first  the  pre- 
paration of  a  polysulphide  of  sodium,  which  is  afterwards  calcined 
with  prepared  clay  and  protosulpliate  of  iron,  so  as  to  form  sulphide 
of  iron.  The  last  product  in  fine  powder  is  heated  in  a  muffle 
with  exposure  to  air  for  several  hours,  when  it  becomes  in  succession 
brown,  red,  green,  and  blue.  The  excess  of  sulphide  of  sodium  and 
other  salts  is  washed  out  of  the  powder,  which,  dried  and  washed 
again  at  a  moderate  temperature,  gives  an  ultramarine  of  a  magnifi- 
cent blue  tint.  The  process  is  an  extremely  delicate  one,  and  the 
nature  of  the  substance  wiiich  gives  the  blue  colour  is  very  obscure. 
A  sulphide  of  sodium  is  supposed  to  be  essential  to  its  composition, 
as  the  colour  is  destroyed  by  acids,  with  evolution  of  the  hydro- 
sulphuric  acid;  while  the  substitution  of  carbonate  of  potash  for 
carbonate  of  soda  gives  a  compound  corresponding  to  ultramarine, 
but  which  is  colourless.  (Pelouze  et  Eremy,  Cours  de  Chim.  Gener. 
ii.  117.) 


SECTION    III. 

LITHIUM. 

Eq,  6.43  ar  80.37;  Li. 

Lithium  is  the  metallic  basis  of  a  rare  alkaline  oxide,  lithia,  dis- 
covered in  1818  by  Arfwedson.^  The  name  lithia  (from  XiOeioQ, 
stony)  was  applied  to  it,  from  its  having  been  first  derived  from  an 
earthy  mineral.  The  metal  was  obtained  by  Davy  by  the  voltaic  de- 
composition of  lithia,  and  observed  to  be  white,  resembling  sodium, 
and  to  be  highly  oxidable.  The  equivalent  of  lithium  is  much 
smaller  than  that  of  any  other  metal,  and  its  oxide  has  therefore  a 
high  saturating  power. 

Lithia ;  LiO. — The  only  known  oxide  of  lithium  is  a  protoxide. 

*  Ann.  deCh.  et  dc  Ph.  x.  82. 
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It  exists  in  small  quantities  in  the  minerals  spodumene  or  triphane, 
petalite,  and  lepidolite ;  but  the  mineral  containing  lithia,  which  is 
most  abundant,  is  a  native  phosphate  occurring  at  Eabenstein  in 
Bavaria,  and  which  consists  of  phosphoric  acid  42.64-,  oxide  of  iron 
49.16,  oxide  of  manganese  4*75,  and  lithia  3.45.  This  mineral  is 
dissolved  in  hydrochloric  acid,  the  iron  peroxidized  by  a  little  nitric 
acid,  the  solution  diluted  with  water,  and  then  ammonia  added, 
which  precipitates  the  insoluble  phosphate  of  sesquioxide  of  iron. 
The  manganese  is  afterwards  removed  by  hydrosulphuric  acid,  the 
liquid  filtered,  evaporated  to  dryness,  and  the  residue  calcined  to 
volatiHze  the  ammoniacal  salts ;  the  chloride  of  lithium  is  then  taken 
up  by  alcohol. 

The  hydrate  of  lithia  resembles  hydrate  of  potash  in  causticity, 
but  is  less  soluble  in  water,  and  loses  its  combined  water  at  an  ele- 
vated temperature.  Sulphur  acts  upon  it  in  the  same  manner  as 
upon  potash.     Its  salts  are  colourless. 

The  chloride  is  very  soluble  in  water,  as  well  as  in  absolute  al- 
cohol, and  fuses  at  a  high  temperature.  It  crystallizes  in  cubes 
containing  4H0. 

The  carbonate  of  lithia  has  a  certain  degree  of  solubility,  and  its 
solution  has  an  alkaline  reaction,  properties  upon  which  the  claim  of 
lithia  to  be  ranked  among  the  alkalies,  instead  of  the  alkaline 
earths,  is  chiefly  rested.  The  fluoride  of  lithium  has  the  sparing 
solubility  of  the  carbonate. 

The  sulphate  of  lithia  is  soluble,  and  presents  itself  in  fine  crystals, 
which  are  persistent  in  air.  It  forms  a  double  salt  with  sulphate  of 
soda,  of  which  the  formula  is  LiO.S03  +  NaO.S03  +  6HO.  The 
nitrate  and  acetate  are  both  very  soluble  and  dehquescent. 

The  neutral  phosphate  of  lithia  is  slightly  soluble  in  water,  but 
considerably  more  so  than  the  double  phosphate  of  lithia  and  soda, 
which  remains  as  an  insoluble  powder  when  the  solution  of  lithia  is 
evaporated  to  dryness  with  that  of  phosphate  of  soda.  Hence  phos- 
phate of  soda  is  used  as  a  test  of  lithia.  The  salts  of  lithia  are 
also  recognised,  when  heated  on  platinum  wire  before  the  blow-pipe, 
by  tinging  the  flame  of  a  red  colour. 
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ORDER   11. 

METALLIC  BASES  OF  THE  ALKALINE  EARTHS. 

SECTION    I. 

BAllIUM. 

Eq.QSM  or  SbS;  Ba. 

Barium,  the  metaEic  basis  of  the  earth  baryta,  was  obtained  by 
Davy  in  1808,  by  the  voltaic  decomposition  of  moistened  carbonate 
of  baryta  in  contact  with  mercury  :  it  may  likewise  be  procured  by 
passing  potassium  in  vapour  over  baryta  heated  to  redness  in  an  iron 
tube,  and  afterwards  withdrawing  the  reduced  barium,  which  the 
residue  contains,  by  means  of  mercury.  The  latter  metal  is  sepa- 
rated by  distillation  in  a  glass  retort,  care  being  taken  not  to  raise 
the  temperature  to  redness,  for  the  barium  then  decomposes  glass. 
Barium  is  a  white  metal  like  silver,  fusible  under  a  red  heat,  denser 
than  oil  of  vitriol,  in  which  it  sinks.  It  oxidates  with  vivacity  in 
water,  disengages  hydrogen,  and  is  converted  into  baryta.  It  is 
named  barium  (from  jSapuf,  heavy),  in  allusion  to  the  great  density 
of  its  compounds. 

Baryta ;  BaO,  76.64  or  958. — This  earth  exists  in  several 
minerals,  of  which  the  most  abundant  are  sulphate  of  baryta  or  heavy- 
spar,  and  the  carbonate  of  baryta  or  witherite.  The  earth  is  obtained 
in  the  anhydrous  condition  and  pure,  by  calcining  nitrate  of  baryta, 
at  a  bright-red  heat,  in  a  porcelain  retort,  or  in  a  well-covered  cruci- 
ble of  porcelain  or  silver,  but  not  of  platinum.  Baryta  is  a  grey 
powder,  of  which  the  density  is  about  4.  When  heated  to  redness 
in  a  porcelain  tube,  and  oxygen  gas  passed  over  it,  it  absorbs  that 
gas  with  avidity,  and  becomes  binoxide  of  barium,  the  compound  for 
the  preparation  of  which  anhydrous  baryta  is  chiefly  required. 
Baryta  slakes  and  falls  to  powder  when  water  is  thrown  upon  it, 
combining  with  one  equivalent  of  water  with  the  evolution  of  so 
much  heat  as  to  become  incandescent. 

Hydrate  of  baryta  is  a  valuable  reagent.  Of  the  different  processes 
for  this  substance,  one  of  the  most  convenient  is  that  from  the  native 
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sulphate.  This  is  a  soft  mineral,  and  easily  reduced  to  an  impalpa- 
ble powder,  which  is  intimately  mixed  with  one-eighth  of  its  weight  of 
coal  pounded  and  sifted,  or  with  one-third  charcoal-powder  and  one- 
fourtli  resin ;  the  mixture  is  introduced  into  a  Cornish  crucible,  and 
exposed  in  a  furnace  to  a  bright-red  heat  for  an  hour.  The  sulphate 
is  converted  by  this  treatment  into  sulphide  of  barium ;  the  last  salt 
is  dissolved  out  of  the  black  residuary  mass  by  boiling  water,  and 
the  solution,  which  generally  has  a  yellow  tint  but  is  sometimes 
colourless,  is  filtered  while  still  hot.  The  solution,  if  strong,  may 
crystallize  on  cooling,  in  thin  plates.  As  the  sulphide  absorbs  oxy- 
gen from  the  air,  and  returns  to  the  state  of  sulphate  of  baryta,  it 
must  not  be  exposed  long  in  open  vessels.  To  a  boiling  solution 
of  sulpliide  of  barium  in  a  flask,  black  oxide  of  copper  from  the 
nitrate  is  added,  in  successive  small  portions,  till  a  drop  of  the  liquid 
ceases  to  blacken  a  solution  of  lead,  and  precipitates  it  entirely  white  : 
the  liquid  then  contains  only  hydrate  of  baryta  in  solution.  It  may 
immediately  be  filtered,  with  little  access  of  air,  to  prevent  absorp- 
tion of  carbonic  acid.  The  decomposition  in  this  process,  for  which 
we  are  indebted  to  Dr.  Mohr  of  Coblentz,  is  rather  complicated. 
Six  eq.  of  sulphide  of  barium  and  8  eq.  of  oxide  of  copper  producing 
5  eq.  of  baryta,  1  eq.  of  hyposulphite  of  baryta,  and  4  eq.  of  sub- 
sulphide  of  copper,  of  which  the  first  only  is  soluble  : 

6BaS  and  8CuO=5BaO  and  BaO.SAand  iCugS. 

Binoxide  of  manganese  may  be  substituted  in  this  process  for  oxide 
of  copper,  but  generally  gives  a  solution  of  baryta  coloui'ed  by  some 
impurity.     The  reaction  is  then  similar : 

6BaS  and  4Mn02= 5BaO  and  BaCSgOg  and  4MnS. 

If  the  solution  of  sulphide  of  barium  has  been  concentrated,  the 
greater  part  of  the  hydrate  of  baryta  separates  on  cooling  in  volumi- 
nous and  transparent  crystals,  containing  10  HO. 

Hydrate  of  baryta  may  also  be  obtained  by  adding  caustic  potash 
to  a  saturated  solution  of  chloride  of  barium ;  hydrate  of  baryta 
precipitates,  and  must  be  redissolved  in  boihng  water,  and  crystallized 
by  cooHng,  to  purify  it.  It  is  soluble  in  3  parts  of  boihng  water,  and 
in  20  parts  of  water  at  60°.  Baryta  retains  1  eq.  of  water  with 
great  force  like  the  fixed  alkalies.  This  combination  is  fusible  a 
little  below  redness,  and  runs  like  an  oil ;  it  congeals  into  a  crystal- 
line mass,  which  attracts  carbonic  acid  very  slowly  from  air,  and  is 
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tlie;refore  the  most  favourable  condition  in  which  to  preserve  hydrate 
of  baryta. 

The  solution  of  baryta  is  strongly  caustic,  although  less  so  than 
potash  or  soda,  and  disorganizes  organic  matters  rapidly ;  it  is  poison- 
ous, in  cominon  v  ith  all  tlic  soluble  preparations  of  barium.  Chlorine 
de(X)m]:)oses  baryta  in  the  same  manner  as  it  does  the  alkahes. 
Sulphur  is  dissolved  in  the  solution  of  baryta  with  the  aid  of  heat, 
and,  according  to  the  temj^rature,  a  sulphate  or  hyposulphite  is 
formed,  with  the  trisulphide  of  barium  of  a  green  colour.  When 
heated  to  redness  in  the  vapour  of  phosphorus,  baryta  is  converted 
into  phosphate  of  baryta  and  phosphide  of  barium.  On  dropping 
oil  of  vitriol  upon  dry  baryta  and  strontia,  the  combination  is 
said  to  produce  light  with  the  first,  but  not  with  the  second. 
Baryta,  whether  free  or  in  combination  with  an  acid  as  a  soluble 
salt,  is  discovered  by  means  of  sulphuric  acid,  which  throws  down 
sidphate  of  baryta,  a  compound  not  decomposed  by,  nor  soluble  in, 
nitric  and  hydrochloric  acids. 

Binoxide  of  harium;  BaOg;  84.64  or  1058. — This  compound 
is  prepared  by  exposing  anhydrous  baryta,  from  the  nitrate,  to  pure 
oxygen  at  a  red  heat ;  or  by  heating  pure  baryta  to  low  redness  in  a 
porcelain-crucible,  and  then  gradually  adding  chlorate  of  potash,  in 
the  proportion  of  about  1  part  of  the  latter  to  4  of  the  former.  The 
chloride  of  potassium  formed  at  the  same  time,  is  removed,  by  cold 
water,  from  the  binoxide  of  barium,  while  the  latter  unites  with  6110. 
Binoxide  of  barium,  when  decomposed  by  dilute  acids  with  proper 
precautions,  affords  binoxide  of  hydrogen. 

Chloride  of  harium ;  BaCl  +  2H0;  104.14  +  18  t;/- 1301.76 + 
225. — A  reagent  of  constant  use,  which  is  obtained  by  dissolving 
native  carbonate  of  baryta  in  pure  hydrochloric  acid  diluted  with 
3  or  4  times  its  bulk  of  water,  or  by  neutralizing  sulphide  of  barium 
by  the  same  acid.  It  crystaUizes  from  a  concentrated  solution  in 
flat  four-sided  tables,  bevelled  at  the  edges.  The  crystals  contain 
2H0,  (14.75  per  cent  of  water),  which  they  lose  below  212°.  They 
are  said  to  be  soluble  in  400  parts  of  anhydrous  alcohol :  100  parts 
of  water  dissolve  43.5  parts  at  60°,  and  78  parts  at  222°,  which  is 
the  boiling-point  of  the  solution. 

Carbonate  of  baryta ;  BaO.COg ;  98.64  or  1238.01.— This  salt 
consists  in  1 00  parts  of  22.41  carbonic  acid,  and  77.59  baryta.  The 
density  of  the  native  carbonate  is  4.331 ;  it  is  not  attacked  by  sul- 
phuric acid,   and  retains  its  carbonic  acid  at  the  highest  tempera- 
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tures.  The  precipitated  carbonate  is  decomposed  by  sulphuric  acid, 
and  loses  its  carbonic  acid  when  calcined  at  a  white  heat,  in  contact 
with  carbonaceous  matter.  It  is  obtained  of  greater  purity  when 
precipitated  by  the  carbonate  of  ammonia,  than  by  the  carbonate  of 
potash  or  soda,  portions  of  which  are  apt  to  go  down  in  combination 
with  carbonate  of  baryta.  Although  reputed  an  insoluble  salt,  car- 
bonate of  baryta  is  soluble  in  2300  parts  of  boiling  water,  and  in 
4300  parts  of  cold  water.  It  is  still  more  soluble  in  water  contain- 
ing carbonic  acid,  and  is  highly  poisonous.  The  precipitated  car- 
bonate of  baryta,  or,  better,  the  hydrate  of  baryta,  is  employed  in 
the  analysis  of  siliceous  minerals,  containing  an  alkali,  which  are  not 
soluble  in  an  acid.  The  mineral,  in  the  state  of  an  impalpable 
powder,  is  intimately  mixed  with  4  or  5  times  its  weight  of  the 
hydrate,  and  exposed  in  a  silver -crucible  to  a  red  heat,  which  occa- 
sions a  semi-fusion  of  the  mixture  and  the  decomposition  of  the 
silicates ;  the  mineral  afterwards  dissolving  entirely  in  an  acid,  with 
the  exception  of  its  silica. 

Sulphate  of  haryta;  BaO.SOg;  116.64  or  1458.01.— This  salt 
consists,  in  100  parts,  of  34.37  sulphuric  acid  and  65.63  baryta. 
The  density  of  heavy-spar,  or  the  native  sulphate,  varies  from  4  to 
4.47.  It  occurs  in  considerable  quantities  in  trap  and  other  ig- 
neous rocks,  forming  often  veins  of  several  feet  in  thickness,  and 
miles  in  extent.  It  is  mined  for  the  purpose  of  being  substituted 
for  carbonate  of  lead,  or  being  mixed  with  that  substance,  when 
used  as  a  pigment.  "When  chloride  of  barium  is  added  to  sulphuric 
acid,  or  to  a  soluble  sulphate,  at  the  boiling  temperature,  sulphate 
of  baryta  precipitates  readily,  in  a  dense  crystalline  powder,  which 
may  easily  be  collected  and  washed  on  a  filter.  It  is  completely  in- 
soluble in  water  and  dilute  acids,  but  is  soluble  in  concentrated 
and  boiling  sulphuric  acid,  from  which  it  crystalhzes  on  cooling. 
Precipitated  sulphate  of  baryta  is  partially  decomposed  in  a  con- 
centrated and  boiling  solution  of  carbonate  of  potash  or  soda,  and 
carbonate  of  baryta  formed. 

Nitrate  of  baryta ;  BaCNOg  ;  130.64  or  1633.01.— This  salt 
crystallizes  in  fine  transparent  octohedrons,  which  are  anhydrous.  It 
is  obtained  by  dissolving  carbonate  of  baryta  in  nitric  acid  diluted 
with  8  or  10  times  its  weight  of  water;  or  by  mixing  the  acid,  also 
in  a  diluted  state,  with  the  solution  of  sulphide  of  barium.  It  re- 
quires 12  parts  of  water  at  60°,  and  3  or  4  parts  of  boiling  water, 
for  solution ;  it  is  insoluble  in  alcohol.  The  nitrate  of  baryta  is 
employed  as  a  reagent,  and  also  in  procuring  anhydrous  baryta. 
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The  chlomte  and  hyposulphate  of  baryta  are  soluble,  the  iodate, 
sulphite,  hyposulphite  and  phosphates  of  baryta,  insoluble  salts. 


SECTION    IT. 

STRONTIUM. 

Eq.  43.84  or  548.02.  Sr. 

Strontium  is  prepared  in  the  same  way  as  barium,  which  it  greatly 
resembles.  It  is  a  white  metal,  denser  than  oil  of  vitriol.  It 
derives  its  name  from  Strontian,  a  mining  village  in  Argyleshire. 

Strofitiay  Strontian,  or  Strontites  ;  Sr  O  ;  51.84  or  648.02. — 
The  native  carbonate  of  strontia  was  first  distinguished  from  carbo- 
nate of  baryta  by  Dr.  Crawford,  in  1790,  who  conceived  the  idea 
that  the  former  mineral  might  contain  a  new  earth.  This  conjecture 
was  verified  in  1793,  by  Dr.  Hope;*  and  much  about  the  same 
time  also  by  IGaproth.  The  earth,  strontia,  is  to  baryta  what  soda 
is  to  potash.  It  occurs  in  nature  as  carbonate  and  more  abundantly 
as  sulphate.  Strontia  may  be  prepared  by  a  strong  calcination  of 
the  native  carbonate  in  contact  with  carbon.  It  is  lighter  than 
baryta,  and  has  a  taste  which  is  less  acrid  and  caustic,  but  stronger 
than  that  of  lime.  It  is  said  not  to  be  poisonous.  The  hydrate 
crystallizes  with  9 HO,  but  retains  only  one  equivalent  at  212°  (Mr. 
Smith) .  This  last  hydrate  enters  into  fusion  at  a  very  high  tempera- 
ture, without  losing  its  combined  water.  The  anhydrous  earth,  like 
baryta,  is  infusible.  The  crystallized  hydrate  requires  52  parts  of 
water  to  dissolve  it  at  60°,  but  only  twice  its  weight  at  212°. 

The  soluble  salts  of  strontia  are  prepared  from  the  carbonate. 
They  are  precipitated  by  sulphuric  acid  and  by  soluble  sulphates,  but 
not  so  completely  as  the  salts  of  baryta,  the  sulphate  of  strontia 
having  a  small  degree  of  solubility.  Hence,  when  sulphate  of  soda 
is  added  in  excess  to  a  salt  of  strontia,  and  the  precipitate  separated 
by  filtration,  so  much  sulphate  of  strontia  remains  in  solution,  that  the 
liquid  yields  a  white  precipitate  with  carbonate  of  soda  (Dr.  Turner) . 
Most  of  the  salts  of  strontia,  when  heated  on  platinum-wire  before 
the  blow-pipe,  communicate  a  red  colour  to  the  flame.     Baryta  and 

*  Ediuburgh  Transactions,  \y.  14. 
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strontia  in  solution  may  be  separated  by  liydrofluosilicic  acid,  which 
precipitates  baryta,  but  forms  with  strontia  a  salt  very  soluble  in  a 
slight  excess  of  acid.  Hyposulphite  of  strontia  being  soluble,  while 
hyposulphite  of  baryta  is  insoluble,  these  earths  may  also  be  distin- 
guished by  means  of  hyposulphite  of  soda. 

Binoxide  of  strontium^  obtained  by  Thenard  in  brilliant  crys- 
talline scales,  on  adding  binoxide  of  hydrogen  to  a  solution  of 
strontia.     It  contains  two  eq.  of  oxygen. 

Chloride  of  strontium  cr}^stallizes  in  slender  prisms,  which 
contain  OHO,  and  are  slightly  deliquescent.  This  salt  is  soluble  in 
three-fourths  of  its  weight  of  cold  water,  and  in  all  proportions  in 
boiling  water.  At  the  ordinary  temperature,  it  dissolves  in  24)  parts 
of  anhydrous  alcohol,  and  in  19  parts  of  alcohol  boiling.  In  this 
respect  it  differs  from  chloride  of  barium,  which  is  insoluble  in 
alcohol.  Chloride  of  strontium  communicates  to  flame  a  fine  red 
tint.  In  the  anhydrous  condition  this  chloride  absorbs  4  eq.  of 
ammonia,  and  becomes  a  white  bulky  power. 

Carbonate  of  strontia  forms  the  mineral  strontianite,  which 
generally  has  a  fibrous  texture,  and  is  sometimes  transparent  and 
colourless,  but  generally  has  a  tinge  of  yellow  or  green.  Its  density 
varies  from  3.4  to  3.726.  This  salt  is  said  to  be  soluble  in  1536 
parts  of  boiling  water.  It  is  more  soluble  in  water  containing  car- 
bonic acid,  and  occurs  in  some  mineral  waters.  It  retains  its 
carbonic  acid  when  calcined. 

Sulphate  of  strontia  is  known  as  celestine,  and  occurs  in  regular 
crystals  of  the  same  form  as  sulphate  of  baryta.  Its  density  is  about 
3.89.  It  is  soluble  in  from  3000  to  40U0  parts  of  water,  and  the 
solution  is  sensibly  precipitated  by  chloride  of  barium.  The  mineral  is 
found  in  considerable  quantity  associated  with  volcanic  sulphur,  and 
in  other  formations.  A  large  deposit  of  it  exists  in  the  neighbour- 
hood of  Bristol,  from  which  it  may  be  obtained  in  sufficient  quantity 
for  any  application  in  the  arts.  The  various  compounds  of  strontium 
may  be  prepared  from  the  sulphate  of  strontia  precisely  in  the  same 
manner  as  those  of  barium  from  the  sulphate  of  baryta. 

Hyposulphite  of  strontia  is  crystallizable,  and  soluble  in  4  parts 
of  cold,  and  If  parts  of  boiling  water.  It  loses  31  per  cent  of 
water  of  crystallization  between  122°  and  140°,  without  any  other 
change. 

Nitrate  of  strontia  crystallizes  at  a  high  temperature  in  regular 
octohedrons,  of  density  2.857,  which  are  anhydrous,  but  it  is  gene- 
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rally  obtained  at  a  low  temperature  in  crystals,  which  contain  5  HO, 
of  density  2.113  (Filliol).  The  anhydrous  salt  dissolves  in  5  parts 
of  cold  water,  and  in  1  part  of  boiling  water.  A  deflagrating  mix- 
ture, which  produces  an  intensely  red  illumination,  is  formed  of  40 
parts  of  nitrate  of  strontia,  13  parts  of  flowers  of  sulphur,  5  parts 
of  chlorate  of  potash,  and  4  parts  of  sulphide  of  antimony. 

The  salts  of  baryta,  strontia,  and  protoxide  of  lead,  are  strictly 
isomorphous,  and  greatly  resemble  each  other  in  solubility  and  other 
properties.  Hydrofluosilicic  acid  is  employed  to  separate  baryta  from 
strontia,  as  it  precipitates  the  former  but  not  the  latter.  Neutral 
chromate  of  potash,  w^hich  precipitates  salts  of  baryta  immediately, 
precipitates  only  slowly  the  salts  of  strontia.  In  analysis,  strontia  is 
generally  estimated  as  sulphate,  but  as  the  latter  is  not  completely 
insoluble,  an  addition  of  alcohol  is  made  to  the  water  employed  to 
wash  the  precipitate. 


SECTION    III. 

CALCIUM. 

Eq.  20,  or  250;  Ca. 

Davy  obtained  evidence  of  the  existence  of  this  metal,  and  of  its 
analogy  to  the  preceding  metals.  It  is  the  basis  of  lime.  The  name 
applied  to  it  is  derived  from  calx. 

Lime;  CaO;  28,  6>r  350. — Uncombined  Hme,  or  quicklime,  as 
it  is  termed  in  the  arts,  is  obtained  by  heating  masses  of  limestone 
(carbonate  of  lime)  to  redness  in  an  open  fire,  or  lime-kiln.  The 
escape  of  the  carbonic  acid  is  favoured  by  the  presence  of  aqueous 
vapour  and  the  gases  of  the  fire,  into  which  that  gas  can  difiuse 
(page  225).  In  a  covered  crucible,  carbonate  of  lime  may  be  fused 
by  heat  without  decomposition.  The  lime,  properly  burnt,  remains 
in  porous  masses,  which  may  be  easily  separated  from  the  ashes  of 
the  fuel,  and  are  sufficiently  hard  to  be  transported  from  place  to 
place  without  falling  to  pieces.  Although  these  masses  appear 
light,  the  density  of  lime  is  not  less  than  2.3,  or  even  3.08,  ac- 
cording to  Eoyer  and  Dumas.  Water  thrown  upon  them,  is  first 
imbibed,  and  afterwards  combines  with  the  lime,  which  falls  to 
powder  in  the  state  of  hydrate,  and  is  then  said  to  be  slaked.    In  this 
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combination  the  temperature  may  rise  to  572°,  (300°  C),  or  suffi- 
ciently high  to  char  wood.  From  its  affinity  for  water,  quick- 
lime is  applied  to  deprive  certain  liquids,  such  as  alcohol,  of  the 
water  they  contain.  To  obtain  pure  lime,  the  crystallized  carbonate 
should  be  calcined,  such  as  calcareous  spar,  or  Carrara  marble. 
Lime,  in  common  with  other  infusible  earths,  phosphoresces  strongly 
when  heated  to  full  redness. 

The  only  hydrate  of  lime  known  contains  1  eq.  of  water,  which  it 
loses  at  a  low-red  heat.  It  is  sparingly  soluble  in  water,  but  more 
soluble  in  cold  than  in  hot  water.  According  to  Dalton,  lime-water 
formed  at  60°,  130°,  and  212°,  contains  1  grain  of  lime  in  778, 
972,  and  1270  grains  of  water.  Hence  water  saturated  in  the  cold 
deposits  hydrate  of  lime  when  boiled.  By  evaporating  the  solution 
in  vacuo,  Gay-Lussac  obtained  the  same  hydrate  of  lime  in  small 
transparent  crystals  of  the  hexahedral  form.  The  milk  or  cream  of 
lime  is  merely  the  hydrate  diffused  through  water.  In  preparing 
lime-water,  3  or  4  ounces  of  slaked  lime  are  agitated  several  times, 
during  two  or  three  hours,  with  two  quarts  of  distilled  water,  and  then 
allowed  to  settle.  The  lime-water  first  drawn  off  generally  contains 
a  little  potash,  and  should  not  therefore  be  considered  pure.  Lime- 
water  has  a  harsh  acrid  taste,  is  alkahne,  and,  to  a  certain  extent, 
caustic.  It  precipitates  carbonic,  siHcic,  boracic,  and  phosphoric 
acids  from  solutions  of  their  akaline  salts.  It  dissolves  oxide  of  lead. 
Lime-water  absorbs  carbonic  acid  rapidly  from  the  air,  and  becomes 
covered  by  a  pellicle  of  carbonate  of  hme.  Hydrate  of  lime  has  the 
same  property,  absorbing  about  half  an  equivalent  of  carbonic  acid 
with  avidity,  but  not  acquiring  quite  so  much  as  three-fourths  of  an 
equivalent  by  two  or  three  weeks^  exposure  to  an  atmosphere  of  the 
gas.  Tuchs  observed,  that  when  hydrate  of  lime  is  exposed  to  air, 
it  absorbs  only  half  an  equivalent  of  carbonic  acid,  and  that  a  definite 
compound  of  hydrate  and  carbonate  was  formed.  In  the  anhydrous 
condition,  lime  exhibits  no  affinity  for  carbonic  acid. 

Lime  is  characterized  by  aS'ording  a  bulky  precipitate  of  sulphate 
of  lime,  when  sulphuric  acid  is  added  to  its  soluble  salts.  But  as 
the  sulphate  of  lime  has  a  certain  degree  of  solubility,  this  precipitate 
does  not  appear  in  very  dilute  solutions  of  these  salts,  nor  in  lime- 
water,  a  property  by  which  lime  may  be  distinguished  from  baryta 
and  strontia.  Sulphate  of  lime  may  also,  when  precipitated,  be  re- 
dissolved  by  the  addition  of  nitric  acid.  Lime  is  entirely  precipitated 
from  neutral   solutions  by  oxalate  of  ammonia,  the  oxalate  of  lime 


LIME.  583 

being  completely  insoluble.  In  the  quantitative  estimation  of  this 
earth,  it  is  therefore  generally  thrown  down  as  oxalate,  and  afterwards 
obtained  as  carbonate  of  lime,  by  heating  the  oxalate  nearly  to 
redness  in  a  platinum-crucible,  in  which  a  small  fragment  of  carbo- 
nate of  ammonia  is  dissipated  at  the  same  time,  to  prevent  any  lime 
becoming  caustic  by  loss  of  carbonic  acid. 

Lime  is  applied  to  a  variety  of  useful  purposes  in  ordinary  life 
and  in  the  arts,  of  which  the  most  important  are  its  applications  as 
a  manure  for  land,  and  as  mortar.  In  the  first  application,  Hme 
appears  to  be  chiefly  useful,  (1)  in  promoting  the  oxidation  and  de- 
composition of  the  insoluble  organic  matters  which  the  soil  contains, 
and  thereby  rendering  them  capable  of  sustaining  vegetable  life ;  (2) 
in  decomposing  clay  and  rendering  its  potash  soluble,  and  (3)  in 
restoring  to  the  soil  the  calcareous  element  which  is  annually  removed 
in  the  crop.  In  the  formation  of  mortar,  the  hydrate  of  lime  is 
mixed  wdth  2  parts  of  coarse,  or  3  parts  of  fine  sand,  and  made  into 
a  paste  with  water.  In  building,  a  stone  is  laid  upon  a  bed  of  this 
paste,  which  it  compresses  by  its  weight,  imbibing  moisture  also 
from  the  mortar,  wliich  escapes  principally  through  the  porous  stone. 
On  drying,  the  mortar  binds  the  stones  between  which  it  is  inter- 
posed, and  its  own  particles  cohere  so  as  to  form  a  hard  mass,  solely 
by  the  attraction  of  aggregation,  for  no  chemical  combination  takes 
place  between  the  lime  and  sand,  and  the  stones  are  simply  united 
as  two  pieces  of  wood  are  by  glue.  The  sand  is  useful  in  rendering 
insignificant  by  its  mass  the  contraction  of  the  mortar  on  drying,  and 
also,  from  the  large  size  of  its  grains,  in  rendering  the  dry  mortar  less 
short  and  friable.  The  mortar  is  subject  to  an  ulterior  change,  from 
the  slow  absorption  of  carbonic  acid,  but  even  in  the  oldest  mortar 
the  conversion  of  the  hydrate  of  lime  into  carbonate  is  never  com- 
plete. The  lime  which  is  called  fat  slakes  easily,  and  with  con- 
siderable increase  of  volume ;  lean  or  poor  lime  slakes  imperfectly, 
owing  frequently  to  the  presence  of  magnesia  in  a  porportion  ex- 
ceeding 10  or  12  per  cent;  the  latter  earth  having  a  comparatively 
feeble  affinity  for  water.  Magnesian  lime  is  also  generally  considered 
prejudicial  in  agriculture,  owing,  it  is  supposed,  to  the  magnesia  long 
remaining  caustic  in  the  soil. 

Some  Umestones,  containing  about  20  per  cent  of  clay  or  silicate  of 
alumina,  afford  lime  which  possesses  a  valuable  property,  that  of  form- 
ing with  water  a  mass  which  becomes  solid  in  a  few  minutes,  and  there- 
fore hardens  in  structures  covered  by  water.  An  excellent  hydraulic 
mortar  of  this  kind  is  obtained  from  concretionary  masses  found  in 
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marle^  and  also  as  isolated  blocks  in  the  bed  of  the  Thames.  This 
lirae  being  burnt^  ground,  and  sifted,  when  mixed  with  water  to  form 
a  paste,  sets  as  quickly  as  Paris  plaster ;  its  solidity  increases  with 
the  time  it  has  been  submerged,  and  it  ends  by  acquiring  the  hard- 
ness of  limestone.  Sand  is  added  to  it  when  it  is  used  as  common 
mortar,  or  in  covering  buildings  to  imitate  stone.  Prom  the  minute 
division  of  the  silicic  acid  and  alumina  in  this  mortar,  their  combination 
with  lime  is  more  likely  to  occur  than  in  ordinary  mortar.  Still  the 
first  setting  of  hydraulic  mortar  seems  to  be  due  simply  to  the  fixation 
of  water,  and  formation  of  a  solid  hydrate  like  gypsum.  Hydraulic 
mortar  is  sometimes  made  by  mixing  together  clay  and  chalk,  and 
calcining  the  mixture,  or  more  frequently  by  adding  to  hydrate  of 
lime  puzzolano  ground  to  fine  powder.  The  latter  is  a  siliceous 
substance  of  volcanic  origin,  composed  principally  of  pumice,  of 
which  a  stratum  is  excavated  in  the  neighbourhood  of  Naples.  The 
mortar  which  it  makes  with  lime  has  obtained  the  name  of  Eoman 
cement. 

The  hydrate  of  hinoxide  of  calcium  precipitates  on  adding  hme- 
water,  droj)  by  drop,  to  a  solution  of  binoxide  of  hydrogen.  It  con- 
tains, according  to  Thenard,  2  eq.  of  oxygen. 

The  irrotomlpkide  of  calcium  is  procured  by  decomposing  sul- 
phate of  lime,  at  a  red  heat,  by  hydrogen  or  charcoal.  When  newly 
prepared,  it  phosphoresces  in  the  dark.  It  is  only  very  sparingly 
soluble  in  water,  but  it  is  decomposed  by  boiling  water,  according  to 
M.  II.  Rose,  into  hydrosulphate  of  sulpliide  of  calcium,  which  is 
soluble,  and  hydrate  of  lime.  Sulphide  of  calcium,  when  moistened 
with  water,  is  readily  decomposed  by  a  stream  of  carbonic  acid-gas, 
with  the  evolution  of  hydrosulphuric  acid  : 

(CaS.HO  and  C02=CaO.C02  +  HS.) 

When  hydrate  of  lime  is  boiled  with  sulphur  and  water,  and 
the  liquor  allowed  to  cool  before  it  is  completely  saturated  with 
sulphur,  yellow  crystals  separate  from  it,  which  are  a  hisiilphide 
of  calcium,  combined  with  3110,  according  to  tlie  observations  of 
Herschel.  When  lime,  or  protosulphide  of  calcium,  is  boiled  with 
excess  of  sulphur,  it  dissolves  sulphur  till  a  pentasulphide  of  cal- 
cium is  formed,  which  resembles  in  properties  the  corresponding 
degree  of  sulphuration  of  potassium. 

Phof^phide  of  calcium.— ^moll  fragments  of  quicklime  being 
heated  to  redness  by  a  spirit-lam]),  in  a  small  mattrass  with  a  long 
neck,  and  fragments  of  phosphorus  dropped  into  the  same  vessel,  a 


CHLORIDE    OF    CALCIUM.  585 

mixture  is  obtained  of  i)liosphate  of  lime  and  phosphide  of  calcium. 
The  compound  has  a  chocolate-brown  colour.  When  the  tempera- 
ture is  raised  too  high,,  the  affinities  change,  and  phosphorus  escaping 
in  vapour,  nothing  but  lime  remains.  According  to  M.  P.  Thenard, 
in  the  reaction  which  gives  phosphide  of  calcium,  7  eq.  of  phosphorus 
act  upon  14  eq.  of  hme : 

14  CaO  and  7P=2(2CaO.P05)  and  5Ca2P. 

The  phosphide,  therefore,  contains  2  eq.  of  calcium  to  1  eq.  of 
phosphorus,  and  is  analogous  to  the  liquid  hydride  of  phosphorus 
PH2-  When  thrown  into  water,  it  is  immediately  transformed  into 
the  hydride  of  phosphorus  referred  to,  which  is  spontaneously  inflam- 
mable, and  hypophosphite  of  lime,  which  is  dissolved. 

Chloride  of  calcium ;  CaCl;  55.50  or  693.75. — Obtained  by 
neutralizing  hydrochloric  acid  with  carbonate  of  lime,  or  as  a  residue 
in  several  processes ;  a  concentrated  solution  affords  crystals  in  large 
striated  four-sided  prisms,  which  contain  6  eq.  of  water.  Dried  with 
stirring,  above  212°,  it  affords  a  crystalline  powder,  containing  2  eq. 
of  water,  which  produces  an  intense  degree  of  cold  when  mixed  with 
snow  (p.  46.)  The  same  hydrate  was  produced  on  drying  the  crys- 
tals in  vacuo  over  sulphuric  acid  for  ten  days.  The  crystals  are 
soluble  in  one-fifteenth  of  their  weight  of  water  at  60°,  and  exceed- 
ingly deliquescent.  The  salt  is  made  anhydrous  by  heat,  and  under- 
goes the  igneous  fusion  at  a  red  heat.  The  liquid  chloride  is  poured 
upon  a  slab,  and  the  transparent  cake  of  soh'd  salt  immediately 
broken  into  pieces,  and  preserved  in  a  stoppered  bottle.  It  is  much 
employed,  from  its  great  affinity  for  water,  to  dry  gases  and  absorb 
moisture.  Chloride  of  calcium  always  acquires  by  fusion  a  slight 
but  sensibly  alkaline  reaction  from  partial  decomposition ;  on  which 
account  Liebig  prefers  the  salt  strongly  dried,  but  not  fused,  as  the 
hygrometric  agent  in  organic  analysis.  Ignited  with  the  sulphates 
of  baryta  and  strontia,  chloride  of  calcium  gives  rise  to  sulphate  of 
lime  and  the  chlorides  of  barium  and  strontium.  Ten  parts  of  an- 
hydrous alcohol  dissolve  7  parts  of  chloride  of  calcium,  at  the  boiling- 
point,  and  the  solution,  in  cold  weather,  affords  crystals  in  rectangu- 
lar scales,  which  are  an  alcoholate,  containing  2  eq.  of  alcohol,  instead 
of  water  of  crystallization;  CaCl  +  2C4H6O2.  Anhydrous  chloride 
of  calcium  likewise  absorbs  4  equivalents  of  ammoniacal  gas,  and 
forms  a  bulky  white  powder,  CaCl  +  4NH3,  from  which  the  ammonia 
may  be  easily  expelled  again  by  heat. 
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A  solution  of  chloride  of  calcium,  when  boiled  with  hydrate  of 
lime,  dissolves  that  substance,  and  the  solution  filtered  hot,  deposits 
an  oxichloride  of  calcium,  SCaO.CaCl  +  15H0,  in  long  flat  and  thin 
crystals.     The  salt  is  decomposed  by  water  and  alcohol. 

A  compound  of  chloride  of  calcium  with  oxalate  of  lime  con- 
taining water  of  crystallization,  is  obtained  in  good  crystals,  which 
are  persistent  in  air,  by  dissolving  oxalate  of  hme  to  saturation  in 
hot  hydrochloric  acid,  and  allowing  the  solution  to  cool.  It  consists 
of  1  eq.  of  each  salt,  with  7  eq.  of  water.  Oxalate  of  lime  is  known  to 
combine  with  2  eq.  of  water,  of  which  1  eq.  appears  to  remain  in  this 
double  salt,  while  the  other  is  replaced  by  chloride  of  calcium  carry- 
ing its  6  eq.  of  water  of  crystallization  along  with  it ;  CaO.CjOg  + 
(HO.CaCl)  +6 HO.  A  similar  replacement  is  observed  in  the  forma- 
tion of  quadroxalate  of  potash  (p.  199).  This  salt  becomes  an- 
hydrous without  decomposition  at  2G6°  (130°  C.)  It  is  decom- 
posed by  pure  water. 

Fluoride  of  calcimn.  Fluor-spar;  CaP ;  88.70  or  483.80.— 
This  salt  is  peculiarly  a  constituent  of  mineral  veins,  and  occurs 
massive,  or  in  transparent  crystals  which  are  cubes  or  octohedrons, 
and  is  often  of  beautiful  colours,  generally  green  or  purple.  It  is 
cut  into  ornamental  forms,  and  is  beheved  to  be  the  substance  of 
which  the  vasa  murrina  of  the  Eomans  were  composed.  In  minute 
quantity  fluoride  of  calcium  is  very  generally  diffused,  being  found 
in  the  earthy  deposit  from  sea-water  when  boiled  (G.  Wilson).  It 
forms  a  few  thousandths  of  the  earth  of  bones,  and  a  somewhat  larger 
proportion  of  the  enamel  of  the  teeth  :  in  fossil  bones  the  proportion 
of  fluoride  of  calcium  is  considerably  greater  (J.  Middleton,  Mem. 
Chem.  Soc.  ii.  134).  It  is  dissolved  to  a  small  extent  by  water  con- 
taining carbonic  acid,  like  the  other  insoluble  salts  of  lime;  its 
density  varies  from  3.14  to  3.17.  When  heated  gently,  on  a  plate 
of  metal,  it  becomes  luminous  in  the  dark  for  a  short  time ;  the 
phosphorescent  property  may  be  restored  by  passing  electric  sparks 
through  the  crystal  (Griffiths).  Muoride  of  calcium  is  obtained  in  a 
granular  condition,  when  hydrofluoric  acid  is  neutraHzed  by  freshly 
precipitated  carbonate  of  lime.  But  when  a  neutral  salt  of  lime  is 
mixed  with  a  soluble  fluoride,  the  fluoride  of  calcium  appears  as  a 
translucent  gelatinous  mass.  This  fluoride,  whether  artificial  or 
natural,  is  not  decomposed  by  sulphuric  acid  at  a  low  temperature, 
but  imbibes  that  acid,  and  forms  a  thick  ropy  Hquid.  At  104° 
'40°  C ),  tliis  mixture  begins  to  decompose,  and  emits  hydrofluoric 
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acid.  Muoridc  of  calcium  resists  the  action  of  a  solution  of  hydrate 
of  potasli,  but  is  easily  decomposed  in  the  dry  way  by  fusion  with 
carbonate  of  potash,  and  fluoride  of  potassium  is  formed. 
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Carbonate  of  lime ;  CaO.C02;  50,  or  625. — This  is  one  of  the 
most  abundantly  diffused  salts  in  nature,  forming  the  basis  of  lime- 
stones, marbles,  marles,  coral-reefs,  shells,  &c.  It  is  anhydrous,  and 
occurs  in  two  incompatible  crystalline  forms,  the  rhomboidal  crystal 
of  Iceland  spar  and  calc-spar,  which,  with  its  numerous  modifications, 
is  much  the  most  abundant,  and  the  six-sided  prism  of  arragonite, 
isomorphous  with  carbonate  of  strontia,  which  last  may  be  readily 
recognized  by  falling  to  powder  when  heated.  The  grains  of  this 
powder  have  the  form  of  calc-spar.  The  density  of  carbonate  of  lime 
in  these  two  forms  is  sensibly  different,  that  of  calc-spar  being  2.719, 
and  of  arragonite  2.949  (G.  Eose).  Carbonate  of  lime  consists  of 
56  lime  and  44  carbonic  acid  in  100  parts. 

Carbonate  of  lime  may  also  be  obtained  in  the  state  of  a  hydrate  by 
heating  together  very  slightly  1  part  of  hydrate  of  Hme,  3  parts  of  sugar, 
and  6  parts  of  water,  filtering  the  solution,  and  leaving  it  exposed  in  a 
shallow  vessel.  In  twenty-four  hours  crystals  appear  upon  the  surface 
of  the  liquid,  and  in  fifteen  days  the  whole  lime  is  generally  converted 
into  hydrated  carbonate,  in  the  form  of  sharp  transparent  rhombs.  The 
carbonic  acid  is  absorbed  from  the  atmosphere.  These  crystals  con- 
tain 5  eq.  of  water  ;  by  boiling  them  in  anhydrous  alcohol,  a  second 
definite  hydrate  is  obtained  containing  3  eq.  of  water,  as  ascertained  by 
Pelouze.  The  first  of  these  hydrates  has  also  been  found  native  in  a 
running  stream,  by  Scheerer.  The  two  hydrates  of  carbonate  of  Hme 
correspond  in  composition  with  two  crystalKne  hydrates  of  carbonate 
of  magnesia. 

Carbonate  of  lime  is  considered  an  insoluble  salt,  although,  ac- 
cording to  Presenius,  one  part  of  carbonate  of  lime  dissolves  in  8834 
parts  of  boiling  water,  and  in  10601  parts  of  water  at  ordinary  tem- 
peratures :  the  solution  is  sensibly  alkaline  to  test-paper.  When 
recently  precipitated,  carbonate  of  Hme  is  much  more  soluble  in  salts 
of  ammonia :  the  solution  of  carbonate  of  lime  in  hydrochlorate  of 
ammonia  in  excess  is  completely  resolved  by  spontaneous  evaporation 
into  chloride  of  calcium  and  carbonate  of  ammonia,  which  escapes. 
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Sea-water  appears  to  be  essentially  alkaline  from  the  presence  of 
carbonate  of  lime,  a  circumstance  calculated,  therefore,  to  prevent 
the  accumulation  in  the  sea  of  ammonia  in  the  form  of  fixed  salts, 
and  to  cause  the  restoi'ation  of  that  base  to  the  atmosphere.  Car- 
bonate of  lime  is  soluble  in  water  containing  carbonic  acid,  and  is 
generally  present  in  the  water  of  wells,  and  in  some  mineral  waters 
to  a  considerable  extent.  It  is  deposited  from  the  latter,  when  ex- 
posed to  air  in  a  gradual  manner  and  in  possession  of  a  crystalline 
structure,  forming  stalactites  and  stalagmites  in  mountain  caverns, 
and  calcareous  petrifications,  when  it  flows  over  wood  and  other 
organic  and  destructible  matters,  of  which  it  preserves  the  form. 
When  a  current  of  carbonic-acid  gas  is  passed  through  lime-water, 
the  greater  portion,  but  not  the  whole,  of  the  carbonate  of  lime  first 
precipitated  is  re- dissolved  by  the  excess  of  carbonic  acid.  This 
solution  yields  on  evaporation  the  anhydrous  carbonate,  and  no  crys- 
talline bicarbonate  of  lime  has  been  obtained.  Carbonate  of  lime 
is  decomposed  with  effervescence  by  acids.  At  a  red  heat  it  parts 
with  carbonic  acid,  and  is  converted  into  quicklime  in  the  manner 
already  described. 

A  crystalline  mineral  was  discovered  by  Boussingault  at  Merida  in 
America,  which  he  ascertained  to  be  a  double  carbonate  of  soda  and 
lime,  with  5  eq.  of  water,  and  named  gaylussite,  in  honour  of  Gay- 
Lussac.  It  may  be  made  anhydrous  by  heat,  and  its  two  salts  are 
then  separated  by  water. 

The  hardness  of  well-  and  river-water,  so  far  as  it  is  due  to  car- 
bonate of  lime  in  solution,  may  be  removed  by  a  proper  addition  of 
lime-water,  the  free  carbonic  acid  becoming  carbonate  of  lime,  and 
precipitating  together  with  the  portion  of  carbonate  of  lime  formerly 
held  in  solution ;  colouring  and  other  organic  matter  is  carried  down 
at  the  same  time."^  This  elegant  process  has  been  found  to  act 
satisfactorily  on  a  large  scale.  The  proportion  of  carbonate  of  lime, 
where  it  is  the  only  alkaline  substance  in  solution,  may  be  deter- 
mined with  great  accuracy  by  neutrahzing  8750  grains  of  the  water 
(one  pint),  by  means  of  a  normal  acid  solution  containing  0*4562  per 
cent  of  hydrochloric  acid  (this  is  319.37  grs.  of  HCl  in  one  gallon, 

*  Professor  Clark  :  Repertory  of  Patent  luventions,  October  1841  ;  a  pamphlet 
entitled  "  A  New  Process  for  Purifying  Waters  supplied  to  the  Metropolis,"  published 
by  R.  and  J.  E.  Taylor ;  and  "  On  the  Examination  of  Water  for  its  Hardness,"  Pharma- 
ceutical Journal,  vi.  526.  The  instruments  and  test-liquids  required  in  the  examination 
of  waters  by  Prof.  Clark's  method  may  be  obtained  at  Mr.  Griffin's,  in  Baker-street. 
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Fig.  105. 


or  70000  grs.  of  water,  or  as  much  acid  as  would  neutralize  one 
ounce  or  437.5  grs.  of  carbonate  of  lime).  This  test-acid  is  prepared 
by  means  of  pure  carbonate  of  soda,  as  in  the  process  of  alkalimetry 
(page  547),  or  from  the  analysis  of  the  dilute  acid  by  nitrate  of 
silver.  The  measured  quantity  of  water  is  placed  in  an  evaporating 
basin,  and  being  found  alkaline  by  delicate  red  litmus-paper,  the 
normal  acid  is  added  from  the  small  burette  (fig.  165) 
graduated  into  ten-grain  measures,  each  of  which  is 
subdivided  into  five,  till  the  point  of  neutralization  is 
reached,  the  liquid  being  heated  towards  the  end  of 
the  operation.  A  small  portion  of  30  or  40  grains 
of  the  water  is  transferred  to  a  small  conical  wine- 
glass, and  the  test-paper  left  in  it  for  several  minutes, 
to  obtain  the  indication  of  alkalinity.  To  save  time,  a 
series  of  six  of  these  wine-glasses  is  conveniently  em- 
ployed, each  containing  a  sample  of  the  water  after 
successive  additions  of  the  test-acid.  Each  ten- grain 
measure  of  the  acid  required  indicates  1  grain  of  car- 
bonateoflimeinl  gallon  of  the  water,or0.000014286 
per  cent  of  carbonate  of  lime.  By  such  means  a 
minutely  accurate  determination  of  alkalinity  may 
be  obtained ;  one-hundredth  of  a  grain  of  carbonate 
of  lime  in  a  pint  of  water  is  thus  observed  (Prof.  Clark.) 

Sulphate  of  lime,  Gypsum  ;  CaO.S03  +  2HO  ;  68  -f  18  or  850  -f- 
225. — This  salt  precipitates  as  a  bulky  and  gritty  powder,  when 
sulphuric  acid  is  added  to  a  soluble  salt  of  lime.  Sulphate  of  lime 
appears  to  have  nearly  the  same  degree  of  solubility  at  all  tempera- 
tures, and  requires  460  parts  of  water  for  solution,  according  to 
Bucholz,  or  380  parts  of  cold,  and  388  parts  of  boiling  water,  ac- 
cording to  Geise.  It  occurs  in  nature  in  well-formed  crystals,  and 
also  in  large  crystalline  masses,  forming  beds  of  gypsum ;  a  mineral 
which  contains  2  eq.  of  water,  and  of  which  the  density  is  2.322  (Royer 
and  Dumas).  Prof.  Johnston  likewise  obtained  small  prismatic  crys- 
tals of  sulphate  of  lime,  deposited  in  a  steam-boiler,  which  contain 
only  half  an  equivalent  of  water  2(CaO.S03) -fHO.  Sulphate  of 
lime  occurs  in  a  crystalline  form,  without  water,  forming  the  mineral 
anhydrite,  of  which  the  density  is  about  2.96.  Sulphate  of  lime 
fuses  at  a  strong-red  heat,  without  decomposition,  and  on  cooling 
assumes  the  crystalline  form  of  the  last  mineral.  To  form  plaster  of 
Paris,  gypsum,  in  pieces  about  the  size  of  a  pigeon's  egg,  is  heated 
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in  an  oven  till  it  is  nearly  anhydrous,  and  then  reduced  to  powder. 
When  this  is  made  into  a  paste  with  a  little  water,  it  forms  a  hard 
coherent  mass,  or  sets,  in  a  minute  or  two,  with  a  slight  evolu- 
tion of  heat.  This  artificial  hydrate,  or  stucco,  has  the  same  com- 
position as  native  gypsum.  If  sulphate  of  lime  has  been  heated 
above  300°,  in  drying,  it  refuses  to  set  afterwards  when  mixed  with 
water. 

The  powder  of  hydrated  gypsum  solidifies  also  when  mixed  with  a 
solution  of  potash,  or  various  salts  of  potash,  such  as  the  carbonate, 
bicarbonate  (in  this  case  with  violent  eff'ervescence),  sulphate,  and 
silicate,  but  not  with  the  chlorate  or  nitrate  of  potash,  nor  with  any 
salt  of  soda.  Double  salts  are  probably  formed,  as  it  is  the  alkaline 
salts  only  which  are  capable  of  forming  double  salts,  and  are  con- 
sidered bibasic  by  M.  Gerhardt,  that  possess  the  remarkable  property 
in  question  (Emmet,  New.  Edinb.  Phil.  Journ.  xv.  69). 

Hyjjosuljihite  of  lime  is  formed  by  transmitting  sulphurous  acid 
through  sulphide  of  calcium,  suspended  in  water,  till  the  solution  is 
neutral  and  colourless.  The  solution  is  decomposed  when  heated 
above  140°  (60°  C.)  into  sulphur  and  sulphite  of  lime.  If  evapo- 
rated below  that  temperature,  it  yields  large  hexagonal  prisms  of 
hyposulphite  of  lime,  on  cooling,  which  are  colourless.  They  con- 
tain 5  eq.  of  water,  and  are  persistent  in  air.  The  same  salt  may  be 
obtained  very  economically  by  exposing  to  air  the  waste-lirae  of  the 
dry-lime  gas  purifiers. 

Nitrate  of  lime  is  a  highly  deliquescent  salt,  which  crystallizes 
with  6  eq.  of  water,  like  the  nitrates  of  the  magnesian  class.  It  is 
soluble  in  alcohol. 

Vhosphates  of  lime, — On  adding  chloride  of  calcium  to  thetribasic 
subphosphate  of  soda,  a  corresponding  phosphate  of  lime  precipitates 
in  bulky  gelatinous  flakes,  of  which  the  formula  is  SCaO.POg.  This 
phosphate  occurs  in  nature  in  combination  with  fluoride  of  calcium  in 
the  form  of  hexagonal  prisms,  in  the  minerals  apatite  and  moroxite. 
The  formula  of  apatite  is  CaE  +  3  (SCaO.POg) .  The  native  phosphates 
of  lead  occur  in  the  same  form,  with  chloride  of  lead  in  the  place  of 
fluoride  of  calcium.  Hedyphan  is  the  same  mineral,  in  which  a 
portion  of  phosphoric  acid  is  replaced  by  arsenic  acid. 

Another  tribasic  phosphate  of  lime  is  obtained  on  adding  the 
solution  of  common  phosphate  of  soda^  drop  by  drop,  to  chloride 
of  calcium.  This  precipitate  is  slightly  crystalline.  Its  formula, 
exclusive  of  its  water  of  crystaUization,  is  HO.2CaO.PO5.     Again, 
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when  a  salution  of  pliosphate  of  ammonia,  supersaturated  with 
ammonia,  is  treated  with  a  solution  of  chloride  of  calcium,  till 
about  one-half  of  the  phosphoric  acid  is  precipitated,  the  preci- 
pitate contains  51.263  per  cent  of  hme,  and  corresponds  to  the 
formula  SCaO.SPOg  (Berzelius).  A  biphosphate  of  hme  is  also 
described  by  Berzelius,  obtained  on  evaporating  a  solution  of  any  of 
the  preceding  salts  in  nitric  acid  to  the  point  of  crystallization,  of 
which  the  probable  formula  is  2HO.CaO.PO5.  There  also  exist  a 
pyrophosphate  and  metaphosphate  of  lime.  The  insoluble  phos- 
phates of  lime  are  soluble  in  water  containing  carbonic  acid.  It  is 
possibly  in  this  manner  that  phosphate  of  hme  is  dissolved  by  the 
alkaline  animal  fluids. 

Hypochlorite  of  lime;  Chloride  of  lime;  Bhaching powder, — 
This  compound,  remarkable  for  its  valuable  appHcations  in  the  arts, 
is  generally  prepared  by  exposing  hydrate  of  lime,  from  the  purest 
lime,  to  chlorine-gas,  the  latter  being  supplied  so  gradually  as  to 
prevent  the  heat,  occasioned  by  the  combination,  from  rising  above 
62°.     Chlorine  is  not  absorbed  by  quicklime,  nor  by  the  carbonate 
of  hme.    When  dried  at  21 2°,  hydrate  of  lime,  I  find,  absorbs  after- 
wards little  or  no  chlorine ;  but  dried  over  sulphuric  acid,  without 
heat,  it  is,  on  the  contrary,  in  the  most  favourable  condition  for 
becoming  chloride  of  lime.     A  dry,  white,  pulverulent  compound  is 
obtained  by  exposing  the  last  hydrate  to  chlorine,  which  contains 
41.2  to  41.4  chlorine  in  100  parts;  but  of  this  chlorine  about  39 
parts  only  are  available  for  bleaching,  owing  to  2  parts  of  that  ele- 
ment going  to  the  formation  of  chloride  of  calcium  and  chlorate  of 
Hme.     A  slight  addition  of  moisture  to  hydrate  of  lime  does  not 
increase  the  proportion  of  chlorine  absorbed,  and  renders  the  com- 
pound less  stable.     The  above  appears  to  be  the  maximum  absorp- 
tion of  chlorine  by  dry  hydrate  of  hme,  and  is  greater  than  it  would 
be  advisable  to  attempt  in  the  manufacture  of  bleaching  powder, 
owing  to  the  occurrence  of  the  partial  decomposition  adverted  to. 
Yet  this  proportion  is  considerably  short  of  1  eq.  of  chlorine  to  1  of 
hydrate  of  lime,  which  are  48.57  chlorine  and  51.43  hydrate  of  hme, 
in  100  parts.      The  excess  of  lime  appears  to  be  useful  in  adding  to 
the  stability  of  the  compound.     Labarraque  mixes  the  hydrate  of 
lime  with  a'oth  of  its  weight  of  chloride  of  sodium,  by  which  means 
the  absorption  of  chlorine   is   greatly  promoted.      The  bleaching 
powder  of  commerce  may  contain,  when  newly  prepared,  about  30 
per  cent  of  chlorine ;  but  after  being  kept  for  several  months,  the  pro- 
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])ortion  of  available  chlorine  is  found  more  frequently  below  than  above 
10  per  cent,  so  much  does  it  deteriorate  by  keeping. 

The  reaction  which  occurs  in  the  formation  of  hypochlorite  of  lime 
is  represented  as  follows  : 

2CaO  and  2Cl  =  Ca.Cl  and  CaO.ClO. 

Or  the  product  is  a  mixture  of  chloride  of  calcium  and  hypochlorite 
of  lime. 

The  same  compound  is  obtained  in  solution  by  transmitting  a  stream 
of  chlorine-gas  through  hydrate  of  lime  suspended  in  water.  The 
lime  then  absorbs  a  full  equivalent  of  chlorine,  and  dissolves  entirely. 

Ten  parts  of  water  take  up  the  bleaching  combination  from 
one  part  of  dry  chloride  of  lime,  leaving  undissolved  the  hydrate  of 
lime  contained  in  excess.  The  solution  has  a  slight  odour  of  liypo- 
chlorous  acid,  a  rough  astringent  taste,  and  alkaline  reaction.  It 
destroys  most  organic  matters  containing  hydrogen,  including 
colouring  matters.  But  its  bleaching  action  is  not  instantaneous, 
unless  an  acid  be  added  to  it,  which  liberates  the  chlorine.  Hence, 
when  Turkey-red  cloth,  having  a  pattern  printed  upon  it  with 
tartaric  acid  thickened  by  gum,  is  immersed  for  about  one  minute  in 
this  solution,  it  comes  out  with  the  colour  discharged  where  the  acid 
was  present,  but  elsewhere  uninjured.  In  this  manner  white  figures 
are  produced  upon  a  coloured  ground.  The  solution  of  chloride  of 
lime  also  absorbs  and  destroys  contagious  matters  in  the  atmosphere, 
and  is  slowly  decomposed  by  carbonic  acid,  with  escape  of  chlorine. 
The  powder  or  its  solution,  when  heated,  or  when  kept  for  a  con- 
siderable time,  undergoes  decomposition;  18  eq.  of  chlorine  then 
leaving  17  eq.  of  chloride  of  calcium,  and  I  eq.  of  clilorate  of  lime, 
and  disengaging  12  eq.  of  oxygen-gas,  according  to  the  observations 
of  M.  Morin. 

CHLORIMETRY. 

The  bleaching  power  of  hypochlorite  of  lime  is  often  estimated  by 
the  quantity  of  a  solution  of  sulphate  of  indigo,  which  a  constant 
weight  of  the  substance  can  deprive  of  its  blue  colour,  or  render 
yellow.  But  as  the  indigo- solution  alters  by  keeping,  this  method  is 
not  unobjectionable.  A  more  exact  method  is  that  in  which  sulphate 
of  iron  is  used.  This  method  reposes  upon  the  circumstance  that 
tlie  chlorine  of  hypochlorite  of  lime  converts  a  salt  of  the  protoxide 
into  a  salt  of  the  sesquioxide  of  iron;  half  an  equivalent,  or  222 
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parts  of  chlorine,  eifecting  tliat  change  upon  a  whole  equivalent,  or 
1728  parts  of  cr.  protosulphate  of  iron.  Protoxide  of  iron  is  con- 
vertible into  sesquioxide  by  half  an  equivalent  of  oxygen,  which  the 
half  equivalent  of  chlorine  may  be  supposed  to  supply,  by  decom- 
posing water,  in  becoming  hydrochloric  acid.  It  follows,  by  propor- 
tion, that  10  grains  of  chlorine  are  capable  of  peroxidizing  78.1 
grains  of  cr.  protosulphate  of  iron. 

A.  few  ounces  of  good  crystals  of  protosulphate  of  iron  are  reduced 
to  powder,  and  dried  by  strong  pressure  between  folds  of  cloth ;  the 
salt  may  afterwards  be  preserved  in  a  bottle  without  change.  In  a 
chlorimetric  experiment,  78  grains  (equivalent  to  10  grains  of 
chlorine)  of  this  salt  are  dissolved  in  about  two  ounces  of  water, 
which  may  be  acidulated  by  a  few  drops  of  sulphuric  or  hydro- 
chloric acid.  Fifty  grains  of  the  chloride  of  lime  to  be  examined  are 
dissolved  in  about  two  ounces  of  tepid  water,  by  rubbing  them  toge- 
ther in  a  mortar,  and  the  whole  poured  into  the  alkalimeter  (page 
547),  which  is  afterwards  filled  up  to  0  on  the  scale,  by  the  addi- 
tion of  water,  and  the  whole  mixed  by  inverting  the  alkahmeter  upon 
the  palm  of  the  hand.  The  solution  of  chloride  of  hme,  being  thus 
made  up  to  100  measures,  is  poured  gradually  into  the  sulphate  of 
iron,  till  the  latter  is  completely  peroxidized,  and  the  number  of 
measures  of  cliloride  required  to  produce  that  effect  observed.  The 
change  in  the  degree  of  oxidation  of  the  iron-solution  is  discovered 
by  means  of  red  prussiate  of  potash,  which  gives  a  precipitate  of 
Prussian  blue  wdth  a  salt  of  the  protoxide  of  iron  only,  and  not  with 
a  salt  of  the  sesquioxide.  By  means  of  a  glass-stirrer,  a  white  stone- 
ware plate  is  spotted  over  with  small  drops  of  the  prussiate.  A  drop 
of  the  iron-solution  is  mixed  with  one  of  these,  after  every  addition 
of  cliloride  of  lime,  and  the  additions  continued,  so  long  as  a  deep 
blue  precipitate  is  produced.  The  liquid  may  continue  to  be  co- 
loured green  by  the  iron-salt,  but  that  is  of  no  moment.  The  richer 
the  specimen  of  chloride  of  lime  is  in  chlorine,  the  fewer  measures  of 
its  solution  are  required  to  pero^idize  the  iron,  the  number  of  mea- 
sures containing  10  grains  of  chlorine  always  producing  that  effect. 
The  quantity  of  chlorine  in  the  fifty  grains  of  bleaching  powder  is  now 
known,  being  ascertained  by  the  proportion,  as  ?n  measures  (the 
number  poured  out  of  the  alkalimeter),  is  to  10  grains  of  chlorine, 
so  100  is  to  the  total  grains  of  chlorine.  In  a  particular  experi- 
ment the  78  grains  of  sulphate  of  iron  required  72  measures  of  the 
bleaching  solution.     Hence,  as  72  is  to  10,  so  100  is  to  13.89 
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chlorine  in  50  grains  of  the  chloride  of  Hme.  The  quantity  of 
chlorine  in  100  grains  of  the  chloride,  or  the  percentage  of  chlorine, 
is  obtained  by  doubhng  that  number ;  and  was  therefore,  in  this  in- 
stance, 27.78  per  cent,  or  28  per  cent.  The  arithmetical  process  may 
always  be  reduced  to  that  of  dividing  2000  by  the  number  of  mea- 
sui'es  poured  from  the  alkalimeter  :  thus  in  the  last  example — 

2000 


72 


=27.78. 
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MAGNESIUM. 

Eq.  12.2,  or  152.5;  Mg. 

To  obtain  magnesium,  sodium  in  a  test-tube  of  hard  glass  is 
covered  by  fragments  of  anhydrous  chloride  of  magnesium,  and  heated 
to  redness  by  a  lamp.  The  alkaline  metal  unites  with  chlorine,  with 
strong  ignition.  After  extracting  the  chloride  of  sodium  by  means  of 
water,  the  magnesium  remains  in  little  globules,  which  may  be  re- 
united by  fusing  them  under  a  stratum  of  chloride  of  potassium  at  a 
moderate  red-heat. 

Magnesium  has  the  colour  and  lustre  of  silver ;  it  is  very  ductile, 
and  capable  of  being  beaten  into  thin  leaves,  fuses  at  a  gentle  heat, 
and  crystallizes  in  octohedrons.  Magnesium  is  oxidized  superficially 
by  moist  air,  but  undergoes  no  change  in  dry  air  or  oxygen. 
Heated  to  redness,  it  burns  with  great  brilliancy,  forming  magnesia. 
It  is  evidently  more  analogous  to  zinc  than  to  the  preceding 
metals. 

Magnesia;  MgO;  20.2,  or  252.5. — This  is  the  only  known 
oxide  of  magnesium.  As  usually  prepared,  by  a  gentle  but  long 
calcination  of  the  artificial  carbonate  of  magnesia,  it  forms  a  white 
soft  powder,  the  magnesia  usta  of  pharmacy.  Magnesia  is  of 
density  3.61  after  ignition  in  a  porcelain- furnace  (H.  Eose),  and 
highly  infusible.  It  combines  with  water,  but  with  much  less  avidity 
than  lime  does,  forming  a  protohydrate.  The  native  hydrate  of  mag- 
nesia has  the  same  composition,  and  so  has  the  compound  obtained 
by  precipitating  magnesia  from  its  soluble  salts  (by  means  of  hydrate 
of  potash)  and  washing  well,  when  dried  either  without  heat  or  at 
212°.     These  preparations  have  a  silky  lustre  and  a  softness  to  the 
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touch,  characteristic  of  magnesiaii  minerals,  such  as  is  observed  in 
asbestos  and  soapstone. 

According  to  M.  Fresenius,  magnesia  requires  for  solution  55368 
parts  of  water,  either  boiling  or  at  ordinary  temperatures ;  the  solu- 
tion is  feebly  alkahne,  and  gives  a  sensible  precipitate  on  the  addition 
of  phosphate  of  soda,  followed  by  ammonia.  \Yhen  this  earth  and 
its  salts  are  moistened  with  nitrate  of  cobalt,  and  strongly  ignited 
before  the  blow-pipe,  they  assume  a  fine  rose-colour :  phosphate  of 
magnesia  takes  more  of  a  violet  tint.  Magnesia  is  precipitated  from 
its  soluble  salts  by  lime-water,  but  is  still  a  strong  base  capable  of 
neutralizing  acids  perfectly.  Ammonia  never  throws  down  more 
than  half  of  the  magnesia  from  the  solution  of  a  salt  of  magnesia, 
owing  to  the  formation  of  a  soluble  double  salt  of  magnesia  and 
ammonia;  and  the  flaky  precipitate  produced  by  ammonia  in  the 
solution  of  a  salt  of  magnesia  disappears  again  completely  on  the 
addition  of  hydrochlorate  of  ammonia.  Magnesia  is  precipitated 
from  its  salts  by  the  carbonates,  but  not  by  the  bicarbonates,  of 
potash  and  soda.  It  is  most  correctly  estimated  by  precipitation  by 
the  phosphate  of  soda  with  caustic  ammonia,  washing  with  water 
containing  hydrochlorate  of  ammonia,  and  igniting  the  precipitated 
phosphate  of  magnesia  and  ammonia;  the  whole  magnesia  being 
ultimately  obtained  in  the  form  of  bibasic   phosphate  of  magnesia, 

^MgO.POg. 

Cldoride  of  magnesium,  made  by  neutralizing  carbonate  of  mag- 
nesia with  hydrochloric  acid,  crystallizes  in  thin  needles,  wliich  con- 
tain 6  eq.  of  water,  and  are  highly  deliquescent.  When  we  attempt 
to  make  this  salt  anhydrous  by  heat,  hydrochloric  acid  escapes,  and 
magnesia  remains.  But  the  pure  chloride  of  magnesium,  which  is 
employed  in  preparing  the  metal,  may  be  obtained  by  dividing  a 
quantity  of  hydrochloric  acid  into  two  equal  portions,  neutralizing 
one  with  magnesia  and  the  other  with  ammonia,  mixing  and  evapo- 
rating these  two  solutions  to  dryness,  when  an  anhydrous  double 
chloride  of  magnesium  and  ammonia  is  formed.  On  heating  this 
salt  to  redness  in  a  covered  porcelain-crucible,  sal-ammoniac  sub- 
limes, and  chloride  of  magnesium  remains  in  a  state  of  fusion,  which 
becomes  a  translucent,  crystalline  mass  on  cooling.  This  chloride  is 
decomposed  by  oxygen,  which,  at  a  high  temperature,  displaces  its 
chlorine,  and  magnesia  is  formed.  According  to  M.  Poggiale,  the 
chloride  of  magnesium  forms  with  chloride  of  sodium  a  double  salt^ 
which  has  the  formula  2MgCl.NaCl  +  2HO. 


596 


MAGNESIUM. 


Carbonate  of  magneda. — This  salt  occurs  native,  and  then  always 
in  the  anliydrous  condition,  as  a  white,  hard,  compact  mineral  of  an 
earthy  fracture,  wliich  is  known  as  magnetite,  and  sometimes  in 
rhombohedral  crystals,  similar  to  those  of  carbonate  of  lime.  It  is 
prepared  artificially  by  precipitating  a  soluble  salt  of  magnesia,  by 
means  of  carbonate  of  potash  at  the  boiling-point.  The  precipitate 
is  diffused  in  pure  water,  and  a  stream  of  carbonic  acid  sent  through 
it,  by  which  the  carbonate  of  magnesia  is  dissolved.  On  allowing 
this  solution  to  evaporate  spontaneously,  the  excess  of  carbonic  acid 
escapes,  and  carbonate  of  magnesia  is  deposited  in  small  hexagonal 
prisms  with  right  summits.  These  crystals  contain  3  eq.  of  water. 
They  effloresce  in  dry  air,  and  then  lose  2  eq.  of  water,  according  to 
my  own  observations.  Carbonate  of  magnesia  has  also  been  obtained 
in  crystals,  with  5  eq.  of  water,  from  the  solution  in  carbonic 
acid,  at  a  low  temperature.  There  are,  consequently,  three  hydrates 
of  this  salt,  of  which  the  formulae  are — 

MgO-.CO2.HO  ; 
MgO.C02.HO  +  2HO; 
MgO.C02.HO  +  4HO. 

The  fact  that  the  carbonate  of  magnesia  dissolves  in  carbonic  acid- 
water  is  not  to  be  held  as  a  proof  of  the  existence  of  a  bicarbonate  of 
magnesia.  Various  insoluble  salts,  such  as  phosphate  of  lime  and 
fluoride  of  calcium,  dissolve  in  the  same  liquid,  which  appears  to 
possess  a  specific  solvent  power.  In  the  analogous  solution  of  car- 
bonate of  lime  in  carbonic  acid- water,  the  proportion  of  the  carbonate 
was  found  by  Berthollet  to  have  a  variable  and  indefinite  relation  to 
the  acid.  On  theoretical  grounds,  supersalts,  of  the  ordinary  con- 
stitution, of  magnesia,  and  the  magnesian  family  of  oxides,  are  not 
to  be  expected,  as  they  would  be  double  salts  of  water  and  another 
magnesian  oxide. 

Magnesia  alha,  or  the  subcarbonate  of  magnesia  of  pharmacy,  is 
prepared  by  precipitating  a  boiling  solution  of  sulphate  of  magnesia 
or  chloride  of  magnesium,  by  means  of  carbonate  of  potash.  Car- 
bonate of  soda  is  not  so  suitable  as  a  precipitant  of  magnesia,  as  a 
portion  of  it  is  apt  to  go  down  in  combination  with  the  magnesian 
carbonate,  but  it  may  be  used  provided  the  quantity  applied  be  less 
than  is  required  to  decompose  the  whole  magnesian  salt  in  solution. 
Magnesia  alba,  when  well  washed  with  hot  water,  is  very  white,  light, 
and  bulky.     A  portion  of  carbonic  acid  is  lost,   the  magnesia  not 
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being  in  combination  with  a  lull  equivalent  of  that  acid.  Berzelius 
found  magnesia  alba  to  contain,  in  lUO  parts,  35.77  carbonic  acid, 
44.75  magnesia,  and  19.48  water ;  or  to  consist  of  3  eq.  of  carbonic 
acid,  4  eq.  of  magnesia,  and  4  eq.  of  water.  It  is  viewed  as  a  com- 
bination of  3  eq.  of  protohydrated  carbonate  of  magnesia  with  1  eq. 
of  protohydrate  of  magnesia;  of  which  the  formula  is  3(MgO.C02. 
HO)4-MgO.HO.  This  compound  requires  2500  parts  of  cold, 
and  9000  of  hot  water  for  solution  (Dr.  Fyfe). 

Bicarbonate  of  potash  and  magnesia. — Tiiis  salt  was  formed  by 
Berzelius  by  mixing  a  solution  of  nitrate  of  magnesia  or  chloride  of 
magnesium  (not  the  sulphate  of  magnesia)  with  a  saturated  solution 
of  bicarbonate  of  potash  in  excess,  and  allowing  the  hquor  to  rest. 
In  the  course  of  a  few  days,  the  double  salt  is  deposited  in  large 
regular  crystals.  These  crystals  are  insipid ;  insoluble  in  pure  water, 
but  slowly  decomposed  by  it.  The  composition  of  this  salt  corre- 
sponds with  I  eq.  of  potash,  2  of  magnesia,  4  of  carbonic  acid,  and 
9  of  water.  It  contains  the  elements  of  1  eq.  of  a  liydratcd  bicar- 
bonate of  potash,  and  of  2  eq.  of  hydrated  carbonate  of  magnesia. 

MgO.C02.HO  +  2HO 
HO.C02.(KO.C02)  +  2HO 
tMgO.C02.HO  +  2HO. 

It  appears  an  association,  or  compound,  of  three  salts  of  similar 
constitution.  This  salt,  I  find,  loses  8H0  at  212°,  or  all  its  com- 
bined water,  except  the  single  basic  equivalent  of  the  bicarbonate 
of  potash,  k  corresponding  bicarbonate  of  soda  and  magnesia  also 
exists. 

Dolomite,  a  magnesian  Hmestone,  very  extensively  diffused  in 
nature,  is  a  mixture  or  combination  of  the  carbonates  of  Hme  and 
magnesia,  having  the  crystalline  form  of  calc-spar.  The  two  salts 
unite  in  all  proportions,  but  are  most  frequently  found  in  the  pro- 
portion of  single  equivalents.  It  is  remarkable  that  when  this  rock 
is  exposed  to  the  solvent  action  of  water  containing  carbonic  acid, 
the  carbonate  of  lime  is  dissolved  exclusively,  and  a  magnesian  lime- 
stone remains  in  the  form  of  a  porous  and  crystalline  mass.  It  is 
not  unusual  to  find  whole  mountains  of  magnesian  limestone  thus 
altered. 

Sulphate  of  magnesia;  MgO.SOg.HO  +  eHO;  60.2  +  63,  or 
752.5  +  787.5. — This  salt  exists  in  many  mineral  springs,  in  the 
waters  of  Epsom,  of  Seidlitz  in  Bohemia,  &c.,   from  which  it  was 
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first  procured  by  evaporation.  It  is  now  obtained  from  the  bittern 
of  sea- water,  wliicb  consists  principally  of  chloride  of  magnesium  and 
sulphate  of  magnesia,,  and  is  converted  wholly  into  sulphate  by  the 
addition  of  sulphuric  acid.  Or  magnesia  is  precipitated  from  sea- 
water  confined  in  a  tank,  by  means  of  hydrate  of  lime,  and  the  earth 
thus  obtained  afterwards  neutralized  by  sulphuric  acid.  Magnesian 
limestone  is  also  had  recourse  to  for  magnesia.  It  is  burned  and 
slaked  with  water,  to  obtain  it  in  a  divided  state,  and  then  neu- 
tralized by  sulphuric  acid.  The  mixed  sulphates  are  easily  separated, 
that  of  lime  being  soluble  to  a  minute  extent  only,  while  that  of 
magnesia  is  highly  soluble  in  water.  A  solution  of  sulphate  of  lime 
is  also  decomposed  by  carbonate  of  magnesia,  with  the  formation  of 
sulphate  of  magnesia ;  and  this  reaction  is  often  witnessed  in  beds  of 
magnesian  limestone,  when  water  containing  sulphate  of  Hme  perco- 
lates through  them. 

The  crystals  of  sulphate  of  magnesia  are  four-sided  rectangular 
prisms,  which,  when  pure,  have  a  slight  disposition  to  efiloresce  in 
dry  air.  One  hundred  parts  of  water  at  32°  dissolve  25.76  parts  of 
the  anhydrous  salt,  and  for  every  degree  above  that  temperature 
they  take  up  0.26564  part  additional  (see  Gay-Lussac's  table  of  the 
solubility  of  salts,  at  page  220).  The  solution  has  a  bitter  disagree- 
able taste,  which  is  characteristic  of  all  the  soluble  salts  of  magnesia. 
It  is  not  precipitated  in  the  cold  by  the  alkaline  bicarbonates,  by 
common  carbonate  of  ammonia,  nor  by  oxalate  of  ammonia  if  the 
solution  of  sulphate  of  magnesia  be  dilute.  This  salt  crystallizes  at 
32°  with  12H0  (Fritzsche) ;  it  is  also  generally  stated  to  crystal- 
lize about  70°,  with  6H0. 

Sulphate  of  magnesia  loses  6H0  considerably  under  300°,  but  re- 
tains 1  eq.  of  water  even  at  400°.  The  last  equivalent  is  replaced 
by  sulphate  of  potash,  forming  the  double  sulphate  of  magnesia  and 
potash,  which  is  considerably  less  soluble  than  the  sulphate  of  mag- 
nesia, and  crystallizes  with  6H0.  Sulphate  of  magnesia  unites 
directly  with  sulphate  of  ammonia  also,  at  the  ordinary  temperature, 
and  with  sulphate  of  soda  above  100°  (Mr.  Arrott). 

Sulphate  of  magnesia,  when  ignited  in  contact  with  charcoal, 
leaves  magnesia  with  very  little  sulphide  of  the  metal ;  it  is  the 
last  of  the  earths  which  exhibits  any  analogy  of  this  kind  to  the 
alkalies.  The  hydrosulphate  of  sulphide  of  magnesium  is  soluble  in 
water,  and  appears  to  be  formed  when  sulphate  of  magnesia  is  pre- 
cipitated by  sulphide  of  barium. 
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Hyposulphate  of  mar/nesia  forms  crystals,  whicli  are  persistent 
in  air^  very  soluble,  and  contain  36.77  per  cent,  or  6  eq.  of  water, 
like  the  following  salt. 

Nitrate  of  magnolia  is  a  very  soluble  and  highly  deliquescent 
salt.     It  crystallizes  with  6 HO. 

Phosphate  of  magriena  is  formed  on  mixing  cold  solutions  of 
common  phosphate  of  soda  and  sulphate  of  magnesia,  and  allowing 
the  liquid  to  stand  for  24  hours.  The  salt  appears  in  tufts  of  slender 
prisms,  which  effloresce  in  dry  air.  They  are  soluble  in  about  1000 
times  their  weight  of  water.  The  composition  of  this  salt,  which  1 
carefully  examined,  may  be  expressed  by  the  following  formula — 
H0.2MgO.P05  +  2H6  +  12HO.     (Phil.  Trans.  1837.) 

Phosphate  of  tnagnesia  and  ammonia. — This  is  the  well-known 
granular  precipitate  which  appears  when  a  tribasic  phosphate  and  a 
salt  of  ammonia  are  dissolved  together,  and  any  salt  of  magnesia  is 
added  to  the  mixture.  Its  formation  is  had  recourse  to  as  a  test  of 
the  presence  of  magnesia.  Although  insoluble  in  a  liquid  containing 
salts,  it  is  so  soluble  in  pure  water  that  it  cannot  be  washed  without 
sensible  loss.  It  is  readily  dissolved  by  acids.  The  same  substance 
forms  the  basis  of  the  variety  of  urinary  calculus  known  as  the  am- 
moniaco-magnesian  phosphate.  It  is  a  tribasic  phosphate,  of  which 
the  3  eq.  of  base  are  1  eq.  of  oxide  of  ammonium  and  2  eq.  of  mag- 
nesia, with  12  eq.  of  .water  of  crystallization  :  ten  of  the  latter  may 
be  expelled  without  any  loss  of  ammonia.  The  formula  of  this  salt 
is  therefore  NH40.2MgO.P05  +  2H0-f  lOHO.  The  same  salt  was 
found  in  crystals  of  considerable  magnitude,  by  Dr.  Ulex,  in  the  old 
soil  of  the  city  of  Hamburgh,  and  named  struvitey  as  a  new  mineral 
species.  It  has  also  been  found  in  guano,  and  hence  Vi^^mt^  guanite 
by  Mr.  Teschemacher.  Dr.  Otto  has  observed  a  corresponding  tri- 
basic phosphate  of  protoxide  of  iron  and  ammonia,  which  contains 
only  2  eq.  of  water ;  and  also  an  arseniate  of  manganese  and  am- 
monia, of  which  the  water  of  crystallization  appears  to  be  the  same 
as  that  of  the  phosphate  of  magnesia  and  ammonia.  By  igniting, 
without  fusing,  phosphate  of  magnesia  with  a  small  quantity  of 
carbonate  of  potash,  an  insoluble  double  salt  of  similar  constitution, 
2MgO.KO.PO5,  was  obtained  by  H  Rose.  Corresponding  double 
phosphates,  containing  2  eq.  of  lime,  baryta,  and  strontia,  in  the 
place  of  the  2  eq.  of  magnesia,  were  prepared  in  a  similar  manner. 

Borate  of  magnesia. — The  neutral  salt  was  obtained  by  M. 
Wohler,  in  the  form  of  crystals,  by  heating  a  mixture  of  the  solutions 
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of  sulphate  of  magnesia  and  borax  to  the  boiling  pointy  so  as  to  form 
a  precipitate,  which  is  re-dissolved  on  cooling,  and  leaving  the  liquid 
at  a  temperature  only  a  few  degrees  above  82°  for  some  months. 
There  were  formed  on  the  sides  of  the  vessel  thin  crystalline  needles, 
transparent,  brilliant,  hard,  and  having  much  of  a  mineral  character, 
insoluble  in  hot  or  cold  water,  and  having  the  composition  MgO. 
BO3+  8H0.  Boracic  acid  forms  also  an  insoluble  triborate  of  mag- 
nesia, 3  MgO.BOg+QHO;  a  soluble  terborate,  MgO.SBOa  +  SHO; 
and  a  soluble  sexborate,  MgO.GBOg  +  lSHO. 

The  mineral  horacite,  which  occurs  in  the  cube  and  its  allied 
forms,  is  an  anhydrous  compound  of  magnesia  and  boracic  acid,  in 
the  ratio  of  8  eq.  of  magnesia  to  4  eq.  of  boracic  acid,  which  is  repre- 
sented by  Mg0.2B03  +  2(MgO.B03).  This  mineral  becomes  elec- 
trical by  heat.  The  rare  mineral,  hydrohoracitey  is,  according  to 
Hess,  a  compound  of  a  borate  of  lime  and  borate  of  magnesia,  in 
both  of  which  the  acid  and  base  are  in  the  same  ratio  as  in  boracite, 
with  18  eq.  of  water. 

Silicates  of  magvesia. — Magnesia  is  found  combined  with  silicic 
acid  in  various  proportions,  forming  several  mineral  species,  of  which 
the  formulae  are  as  follows  : — 

Steatite         .         .         5(MgO.Si03)  +  2HO. 
Meerschaum  .         MgO.Si03  +  2H0. 

Bicrosmineand  pyrallo-^  6Mg0.4Si03  +  3H0. 

"^^"^^    ^^(^MgO.Si03. 
Serpentine  (hydrate  of\ 

magnesia  with  subsiH-  2 (3MgO  -H  2Si03)  -f  3  (Mg0.2H0) . 

cate  of  magnesia)       .  J 
Byroxene  or  augite  (si-] 

licateof  lime  and  mag-  [3Ca0.2Si03  +  oMg0.2Si03. 

nesia)       .  .  J 

Amphibole,    or    horn-" 

blende (sihcate  oflime  CaO.Si03-f  3Mg0.2Si03. 

and  magnesia)  .         .) 

In  these  minerals,  particularly  the  two  last,  the  magnesia  is  often 
replaced,  in  whole  or  in  part,  by  protoxide  of  iron,  which  gives  them 
a  green,  and  sometimes  black  colour.  Bine  crystals  of  pyroxene  are 
often  found  among  the  scoriae  of  blast-furnaces.  Serpentine  is 
easily  decomposed  by  acids,  and  may  be  employed  in  the  preparation 
of  sulphate  of  magnesia.  A  variety  of  other  minerals  are  formed  of 
silicic  acid  and  magnesia,  anhydrous  or  hydrated ;  such  as  talc, 
metaxite,  &c. 
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ORDER    III. 

METALLIC    BASES    OF   THE    EARTHS. 

SECTION    I. 

ALUMINUM. 
Eq.l2>.l  or  111.2;   Al. 

This  element  is  named  from  aliime??,  the  Latin  term  for  alum, 
which  is  a  double  salt,  consisting  of  sulphate  of  alumina  and  sulphate 
of  potash. 

Like  the  preceding  metal,  aluminum  is  obtained  from  its  chloride 
by  the  action  of  potassium.  In  order  to  diminish  the  violence  of  the 
reaction,  M.  Wohler  recommends  that  about  20  grains  of  perfectly 
dry  potassium  be  introduced  into  a  small  platinum- crucible,  which  is 
placed  within  another  larger  crucible,  also  of  platinum,  containing 
the  anhydrous  chloride  of  aluminum.  The  cover  of  the  larger  cruci- 
ble is  then  fastened  down  by  an  iron-wire,  and  heat  applied  with 
caution.  The  aluminum  is  afterwards  separated  from  the  chloride 
of  potassium,  with  which  it  is  mixed,  by  digesting  the  crucible  and 
its  contents  in  a  considerable  quantity  of  cold  water.  The  metal 
appears  as  a  grey  powder,  resembling  spongy  platinum,  but  is  seen 
in  a  strong  Hght,  while  suspended  in  water,  to  consist  of  small  scales 
or  spangles  having  the  metallic  lustre.  It  is  not  a  conductor  of 
electricity  when  in  this  divided  state,  but  becomes  one  when  its  par- 
ticles are  approximated  by  fusion.  Wohler  finds  that  iron  resembles 
aluminum  in  that  respect. 

Aluminum  has  no  action  upon  water  at  the  usual  temperature,  but 
decomposes  it  to  a  small  extent  at  the  boiling  temperature,  with  the 
evolution  of  hydrogen.  It  undergoes  oxidation  more  rapidly  in  so- 
lutions of  potash,  soda,  and  ammonia,  and  the  resulting  alumina  is 
dissolved  by  these  alkalies.  Aluminum  requires  for  fusion  a  tempe- 
rature higher  than  that  at  which  cast-iron  melts.  Heated  in  open 
air,  it  takes  fire  and  burns  with  a  vivid  light,  and  in  oxygen-gas  with 
the  production  of  so  much  heat  as  to  fuse  the  alumina,  which  then 
has  a  yellowish  colour,  and  is  equal  in  hardness  to  the  native  crystal- 
lized aluminous  earth,  corundum. 
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Alumma;  AI2O3;  51.4  or  642.5. — This  earth  is  the  only  degree 
of  oxidation  of  which  aluminum  is  susceptible^  so  far  as  is  known  at 
present.  In  its  constitution^  alumina  is  presumed  to  resemble  sesqui- 
oxide  of  iron^  because  it  occurs  crystallized  in  the  same  form  as  the 
native  sesquioxide  of  iron,  and  the  salts  into  which  it  enters  are 
strictly  isomorphous  with  the  corresponding  salts  of  that  oxide.  To 
3  eq.  of  oxygen  it  must,  therefore,  contain  2  eq.  of  metal,  such 
being  the  composition  of  sesquioxide  of  iron.  Aluminum  is  not 
known  to  enter  into  combination  in  any  other  proportion  tlian  that 
of  two  equivalents  of  the  metal  to  three  of  the  halogenous  con- 
stituent. 

Alumina  occurs  in  a  state  of  purity,  with  the  exception  of  a  trace 
of  colouring  matter,  in  two  precious  stones,  the  sajiphire  and  riihi/  ; 
the  first  of  which  is  blue,  and  the  other  red.  They  are  not  inferior 
in  hardness  to  the  diamond.  Their  density  is  from  3.9  to  3.97. 
Alumina  may  be  obtained  by  calcining  the  sulphate  of  alumina  and 
ammonia,  or  ammoniacal  alum,  very  strongly.  But  alumina  so  pre- 
pared is  insoluble  in  acids.  It  is  obtained  in  the  state  of  a  hydrate 
from  common  alum  by  dissolving  the  latter  in  boiling  water,  and 
adding  a  solution  of  ammonia  (or  better,  of  the  carbonate  of  ammo- 
nia), and  boiling.  This  earth  is  still  more  perfectly  precipitated  by 
the  hydrosulphate  of  ammonia,  according  to  MM.  Malaguti  and 
Durocher.  The  precipitate,  which  is  white,  gelatinous,  and  very 
bulky,  must  be  carefully  washed,  by  mixing  it  several  times  with  a 
large  quantity  of  distilled  water,  allowing  it  to  settle,  and  pouring  off 
the  clear  liquid.  By  drying  in  air,  alumina  is  reduced  to  a  few  hun- 
dredths of  the  bulk  of  the  humid  mass.  It  is  still  a  hydrate,  but, 
when  ignited  at  a  high  temperature,  it  gives  anhydrous  alumina. 
One  hundred  parts  of  alum  furnish  10.3  parts  of  alumina. 

Alumina  is  white  and  friable.  It  has  no  taste,  but  adheres  to  the 
tongue.  Before  the  oxihydrogen-blow-pipe  it  melts  into  a  colourless 
glass.  After  being  ignited,  it  is  dissolved  by  acids  with  great  diffi- 
culty. It  is  highly  hygrometric,  condensing  about  15  per  cent  of 
moisture  from  the  atmosphere  in  damp  weather.  If  ignited  alumina 
contains  a  small  portion  of  magnesia,  it  becomes  warm  when  moistened 
with  water :  this  property  is  very  sensible,  even  when  the  proportion 
of  magnesia  does  not  exceed  half  a  per  cent.  It  appears  to  be  due, 
not  to  chemical  combination,  but  to  heat  disengaged  by  humectation, 
— a  phenomenon  first  observed  by  Pouillet. 

The  hydrate  of  alumina,  when  moist,  is  gelatinous  and  semi-trans- 
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parent,  like  starch,  but  dries  up  into  gummy  masses.  It  is  com- 
pletely insoluble  in  water,  but  is  readily  dissolved  by  acids,  and  also 
by  the  fixed  alkalies ;  this  earth  standing  in  the  relation  of  an  acid 
to  the  stronger  bases.  Caustic  ammonia  dissolves  it  only  in  small 
quantity.  The  hydrate  of  alumina  is  deposited  in  crystals  when  the 
solution  of  this  earth  in  potash  is  allowed  to  absorb  carbonic  acid 
slowly  from  the  air.  The  crystals  are  white  and  transparent  at  the 
edges,  and  contain  3  eq.  of  water,  which  they  do  not  lose  at  212°. 
The  mineral  gihsite  is  a  native  hydrate  of  alumina  of  the  same  com- 
position, AI2O3  -f  3H0.  Another  native  hydrate  exists,  containing 
less  water,  AI2O3  +  2HO.  It  is  called  diasjwre  by  mineralogists, 
from  decrepitating  and  falling  to  powder  when  heated, — a  property 
which  the  artificial  hydrate  in  gummy  masses  likewise  exhibits. 

Hydrated  alumina  has  a  peculiar  attraction  for  organic  matter, 
wliich  it  withdraws  from  solution;  and  hence  this  earth  is  apt  to  be 
coloured  when  washed  with  water  not  absolutely  pure.  This  affinity 
is  so  strong,  that,  when  digested  in  solutions  of  vegetable  colouring 
matters,  alumina  combines  with  and  carries  down  the  colouring 
matter,  which  is  removed  entirely  from  the  liquid,  if  the  alumina  is 
in  sufficient  quantity.  The  pigments  called  lakes  are  such  aluminous 
compounds.  The  fibre  of  cotton,  when  charged  with  this  earth, 
attracts  and  retains  with  force  the  same  colouring  matters.  Hence 
the  great  application  of  aluminous  salts  in  dyeing,  to  impregnate 
cloth  or  yarn  with  alumina,  and  thus  enable  it  to  fix  the  colouring 
matter,  and  produce  a  fast  colour.  Alumina  is  then  said  to  be  a 
mordant:  binoxide  of  tin  and  sesquioxide  of  iron  have  an  equal 
attraction  for  organic  colouring  matters. 

Alumina,  it  will  be  observed,  is  not  a  protoxide,  and  is  greatly 
inferior  to  the  preceding  earths  in  basic  power.  It  is  dissolved  by 
acids,  but  never  neutralizes  them  completely.  Hence,  alum  and  all 
the  salts  of  alumina  have  an  acid  reaction.  Their  solutions  have  an 
astringent  and  sweetish  taste,  which  is  peculiar  to  them.  Alumina 
dissolves,  to  the  extent  of  several  equivalents,  in  some  acids,  particu- 
larly hydrochloric  acid,  forming  feeble  compounds,  which  are  even 
deprived  of  a  portion  of  their  alumina  by  filtering  them  through 
paper.  It  is  usually  supposed  that  alumina  does  not  combine  with 
some  of  the  weaker  acids,  such  as  carbonic  acid ;  and  that  an  alkaline 
carbonate  throws  down  alumina  from  alum,  and  not  a  carbonate  of 
that  earth.  The  carbonate  of  ammonia,  however,  according  to  Mr. 
Danson,  gives  a  subcarbonate  of  alumina,  which,  dried  in  vacuo  at 
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a  low  temperature^  formed  a  liglit  bulky  powder^  having  tlie  compo- 
sition 3AI2O3.2CO2+I6HO.  Alumina  dissolves  readily  in  solution 
of  potash  or  soda,  forming  compounds  in  which  it  must  play  the 
part  of  an  acid.  The  aluminate  of  potash  is  deposited^  on  evapo- 
rating a  solution  of  alumina  in  potash,  in  white  granular  crystals, 
sweet  to  the  taste,  and  having  a  strongly  alkaline  reaction  :  its 
formula  is  KO.AlgOg,  according  to  M.  Premy.  Such  combhiations 
occur  in  nature  :  spinelly  a  very  hard  mineral  crystallizing  in  octo- 
hedrons,  being  an  aluminate  of  magnesia,  MgO.Al203;  ^w^  galinite, 
an  aluminate  of  zinc,  ZnO.AlgOg. 

Sulphide  of  aluminum  is  formed  by  burning  the  metal  in  the 
vapour  of  sulphur.  It  is  a  black  semi-metallic  mass,  which  is  rapidly 
transformed,  by  contact  with  water,  into  alumina  and  hydros ulphuric 
acid.  Hydrosulphate  of  ammonia  has  the  same  effect  upon  the  solu- 
tion of  a  salt  of  alumina  as  ammonia  has  itself,  neutralizing  the  acid 
of  the  salt,  and  throwing  down  alumina,  while  hydrosulphuric  acid 
escapes. 

Chloride  of  aluminum;  K\f\.^',  133.9  or  1673.75.— When 
alumina  is  dissolved  in  hydrochloric  acid,  it  is  to  be  supposed  that 
water  and  a  chloride  of  the  metal  are  formed;  3HC1  and  Al203  = 
AI2CI3  and  3H0.  The  solution,  when  concentrated  by  spontaneous 
evaporation  in  a  very  dry  atmosphere,  yields  crystals,  which  Bons- 
dorff  found  to  contain  12  eq.  of  water.  But  it  generally  forms  a 
saline  mass,  which  deliquesces  quickly  in  the  air.  When  it  is 
attempted  to  make  this  salt  anhydrous  by  heat,  the  chlorine  goes  off 
in  the  form  of  hydrochloric  acid,  and  pure  alumina  is  left. 

The  anhydrous  chloride  was  discovered  by  Oersted,  who  made 
known  a  method  of  preparing  it  which  has  since  had  numerous 
applications.  Pure  alumina,  free  from  potash,  is  intimately  mixed 
with  oil  and  lamp-black,  made  up  into  pellets,  and  strongly  calcined 
in  a  crucible.  The  alumina  is  thus  made  anhydrous,  without  being 
otherwise  altered.  It  is  then  introduced  into  a  porcelain-tube, 
which  is  placed  across  a  furnace  and  exposed  to  a  red-heat.  Chlorine- 
gas,  carefully  dried,  is  conducted  over  the  materials  in  the  tube, 
when,  under  the  conjoint  influence  of  carbon  and  chlorine,  the  alumina 
is  decomposed ;  its  oxygen  is  carried  off  by  the  carbon  as  carbonic 
oxide-gas,  and  chlorine  unites  with  the  aluminum  itself.  The  chlo- 
ride of  aluminum,  being  volatile,  sublimes  and  condenses  in  the  cool 
part  of  the  porcelain-tube.  A  glass-tube,  a  little  smaller  than  the 
porcelain-tube,  should  be  introduced  into  this  part   of  the  latter, 
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which  may  afterwards  be  drawn  out^  containing  the  condensed 
chloride.  The  salt  is  partly  in  the  state  of  long  crystalline  needles, 
and  partly  in  the  form  of  a  firm  and  solid  mass,  which  is  easily 
detached  from  the  glass. 

Chloride  of  aluminum  is  of  a  pale  greenish-yellow  colour,  and  to 
a  certain  degree  translucent.  In  air  it  fumes  slightly,  diffuses  an 
odour  of  hydrochloric  acid,  and  runs  into  a  liquid  by  the  absorption 
of  moisture.  It  is  very  soluble  in  water,  but  cannot  again  be  reco- 
vered in  the  anhydrous  condition.  It  is  equally  soluble  in  alcohol. 
Chloride  of  aluminum  combines  with  hydrosulphuric  acid,  phos- 
])huretted  hydrogen,  and  also  with  ammonia. 

The  fluoride  of  alumimnn  can  only  be  obtained  by  dissolving 
pure  aluminum  in  hydrofluoric  acid :  it  does  not  crystallize.  This 
fluoride  unites  in  two  proportions  with  fluoride  of  potassium,  for 
which  it  has  a  strong  affinity.  Both  the  compounds  are  gelatinous 
precipitates,  which  become  white  and  pulverulent  after  being  washed 
and  dried.  Berzelius  assigned  to  them  the  formula?,  3KF  +  AI2I3 
and  2Kr  +  AI2F3.  Fluoride  of  aluminum  exists  in  two  crystalline 
minerals,  one  of  which,  on  account  of  its  transparency,  hardness,  and 
brilliancy,  is  reckoned  among  the  precious  stones  : — 

Topaz     .     .     3(Al203-Si03)  +  (Al203  +  Al2r3) 
Pyknite  .     .     8 (Al203.Si03)  +  A12F3- 

The  mlphocyanide  of  aluminum  crystallizes  in  octohedrons, 
which  are  persistent  in  air. 

SALTS  OF  ALUMINA. 

Suljihate  of  alumitia;  AI2O3.3SO3-M8HO;  171.4  +  162  or 
2142.5  +  2025.— Obtained  by  dissolving  alumina  in  sulphuric  acid. 
It  crystallizes  in  thin  flexible  plates  of  a  pearly  lustre,  has  a  sweet 
and  astringent  taste,  and  is  soluble  in  twice  its  weight  of  cold  water, 
but  does  not  dissolve  in  alcohol.  When  heated,  it  fuses  in  its  water 
of  crystallization,  swells  up,  and  forms  a  light  porous  mass,  which 
appears  at  first  to  be  insoluble  in  water,  but  dissolves  completely 
after  a  time.  Heated  to  redness,  it  is  entirely  decomposed ;  the 
residue  is  pure  alumina.  This  salt  has  been  found,  in  the  crystalline 
form,  in  the  volcanic  Island  of  Milo  in  the  Archipelago.  Sulphuric 
acid  and  alumina  combine  in  several  proportions,  but  this  is  con- 
sidered  the  neutral  sulphate,  as  it  possesses  the  same  number  of 
equivalents  of  acid  as  it  contains  equivalents  of  oxygen  in  the  base. 
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Another  sulphate  of  alumina  (Al203.3S03-f  AI2O3)  was  obtained 
by  Maus  by  saturating  sulphuric  acid  with  alumina,  which  contains 
twice  as  much  alumina  as  the  neutral  sulphate.  After  evaporation, 
this  subsalt  presents  itself  in  a  gummy  mass,  which  dissolves  in  a 
small  quantity  of  water,  but  is  decomposed  when  the  solution  is 
diluted  with  a  large  quantity  of  water,  or  boiled ;  in  that  case  the 
neutral  salt  remains  in  solution,  and  the  following  salt  precipitates. 
Subtrisulphate  of  alumina,  AI2O3.3SO3  +  2AI2O3  +  9 HO,  precipitates, 
on  adding  ammonia  to  the  sulphate  of  alumina,  as  a  white  insoluble 
powder.  This  subsalt  forms  the  mineral  aluminite,  which  is  found 
near  Newhaven  in  England,  and  at  Halle  in  Germany. 

Alum;  sulphate  of  alumina  and  potash;  KO.SO3  + AI2O3. 
3SO3  +  24HO;  258.4  +  216,  or  3230 +  2700.— Sulphate  of  alumina 
has  a  strong  affinity  for  sulphate  of  potash,  in  consequence  of  which 
octohedral  crystals  of  this  double  salt  precipitate  when  a  salt  of 
potash  is  added  to  a  strong  solution  of  sulphate  of  alumina.  Alum 
is  a  salt  of  which  large  quantities  are  consumed  in  dyeing.  It  is 
prepared  by  several  processes,  or  derived  from  different  sources.  It 
may  be  prepared  by  decomposing  clay  with  sulphuric  acid ;  the  de- 
composition is  sometimes  effected  by  igniting  pure  clay,  grinding  it 
afterwards  to  powder,  and  mixing  it  with  0.45  of  sulphuric  acid,  of 
1 .45  density.  This  mixture  is  heated  in  a  reverberatory  furnace  till 
the  mass  becomes  very  thick  ;  afterwards  left  to  itself  for  at  least  a 
month,  and  then  treated  with  water  to  wash  out  the  sulphate  of  alu- 
mina formed.  This  salt  forms,  on  cooUng,  a  mass  of  interlaced  crys- 
tals, being  the  sulphate  of  alumina  already  described,  AI2O3.  3SO3  + 
18H0.  Some  clays  and  aluminous  schists  do  not  require  to  be 
heated  before  being  treated  with  sulphuric  acid.  The  addition  of 
sulphate  of  potash  converts  the  last  salt  into  alum. 

The  old  mode  of  making  alum  is  still  largely  practised  in  this  country. 
A  series  of  beds  occur  low  in  many  of  the  coal  measures,  which  contain 
much  bisulphide  of  iron.  One  of  these,  known  as  alum-slate,  is  a 
siliceous  clay,  containing  a  considerable  portion  of  coaly  matter,  and  of 
the  metallic  sulphide  in  a  state  of  minute  division.  When  this  mineral 
is  exposed  to  air  and  moisture,  it  soon  exfoliates,  from  the  formation 
of  sulphate  of  iron,  the  bisulphide  of  iron  absorbing  oxygen  like  a 
pyrophorus.  The  excess  of  sulphuric  acid  formed  attacks  the  other 
bases  present,  of  which  the  most  considerable  is  alumina.  Alumi- 
nous schists  often  require  to  be  moderately  calcined  or  roasted  before 
they  undergo  this  change  in  the  atmosphere.     The  mineral  being 
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lixiviated,  after  a  sufficient  exposure,  affords  a  solution  of  sulphate  of 
alumina  and  protosulphate  of  iron,  from  which  the  latter  salt  is  first 
separated  by  crystallization.  The  subsequent  addition  of  sulphate  of 
potash  to  the  liquor  causes  the  formation  of  alum ;  the  chloride  of 
potassium  answers  the  same  purpose,  and  has  the  advantage  over  the 
sulphate  that  it  converts  the  remaining  sulphates  of  iron  into  chlo- 
rides, which  are  very  soluble,  and  from  which  the  alum  is  most  easily 
separated  by  crystallization.  A  very  pure  alum  is  also  obtained  in 
the  Roman  states  from  alum-stone,  which  is  simply  heated  till  sul- 
phurous acid  begins  to  escape  from  it,  and  the  residue  of  this  calci- 
nation treated  with  water.  This  mineral  contains  an  insoluble  sub- 
sulphate  of  alumina  with  sulphate  of  potash.  The  heating  has  the 
effect  of  separating  the  excess  of  alumina,  so  that  a  neutral  sulphate 
of  alumina  is  formed.  Alum-stone  appears  to  be  continually  pro- 
duced at  the  Solfatara,  near  Naples,  and  other  volcanic  districts,  by 
the  joint  action  of  sulphurous  acid  and  oxygen  upon  trachyte,  a  vol- 
canic rock  composed  almost  entirely  of  felspar. 

The  solubility  of  crystallized  alum,  according  to  M.  Poggiale,  is  as 
follows  : — 

100  parts  of  water  at  32°    (0°  C.)  dissolve  3.29  parts  of  alum. 

—  at  50°  (10°  C.)     —        9.52  — 
-—           at  86°  (30°  C.)     --      22.00  — 

—  at  140°  (60°  C.)      —      31.00  — 

—  at  158°  (70°  C.)      —      90.00  — 

—  at  212°  (100°  C.)   —    357.00  — 

It  crystallizes  very  readily  in  regular  octohedrons,  of  which  the 
apices  are  always  more  or  less  truncated,  from  the  appearance  of  faces 
of  the  cube;  their  density  is  1.71.  The  taste  of  alum  is  sweet  and 
astringent,  and  its  action  decidedly  acid ;  it  dissolves  metals,  with 
evolution  of  hydrogen,  as  readily  as  free  sulphuric  acid.  The  crystals 
effloresce  slightly  in  air,  and,  when  heated,  melt  in  their  water  of  crys- 
tallization, which  amounts  to  45.5  per  cent  of  their  weight,  or  24 
equivalents.  The  fused  salt,  in  losing  this  water,  becomes  viscid, 
froths  greatly,  and  forms  a  Hght  porous  mass,  known  as  burnt  alum. 
When  submitted  to  a  graduated  temperature,  alum  loses  10  equiva- 
lents of  water  at  212°,  and  9  equivalents  more  at  248°  (120°  C.) ; 
leaving  alum  combined  with  5  eq.  of  water.  This  last  substance  can 
support  a  temperature  of  320°  (160°  C.)  without  losing  more  water. 
At  356°  (180°  C.)  it  loses  4  equivalents  of  water;  a  salt  then  remains 
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which  parts  with  J  eq.  of  water  at  392°  (200°  C),  leaving  alum 
in  combination  with  J  eq.  of  water  (Hertwig). 

A  pyrophorus  is  formed  from  an  intimate  mixture  of  3  parts  of 
alum  and  1  of  sugar,  which  are  first  evaporated  to  dryness  together, 
and  then  introduced  into  a  small  stoneware-bottle,  and  this  placed  in 
a  crucible  and  surrounded  with  sand.  The  whole  is  heated  to  red- 
ness till  a  blue  flame  appears  at  the  mouth  of  the  bottle,  which  is 
allowed  to  burn  for  a  few  minutes,  and  the  mouth  then  closed  by  a 
stopper  of  chalk.  After  cooling,  the  bottle  is  found  to  contain  a 
black  powder,  which  becomes  red-hot  when  exposed  to  air,  and 
catches  fire  also  and  burns  with  peculiar  vivacity  in  oxygen-gas. 
This  property  appears  to  depend  upon  the  highly  divided  state  of 
sulphide  of  potassium,  which  is  intermixed  with  charcoal  and  sul- 
phate of  alumina.  A  pyrophorus  can  be  produced  from  sulphate  of 
potash  alone,  without  the  sulphate  of  alumina ;  but  it  does  not  so 
certainly  succeed. 

If  the  quantity  of  carbonate  of  soda  necessary  to  neutralize  a 
portion  of  alum  be  divided  into  three  equal  portions,  and  added  in  a 
gradual  manner  to  the  aluminous  solution,  it  will  be  found  that  the 
alumina  at  first  precipitated  is  re- dissolved  upon  stirring,  and  that  no 
permanent  precipitate  is  produced  till  nearly  two  parts  of  alkaline 
carbonate  are  added.  It  is  in  the  condition  of  this  partially  neutral- 
ized solution  that  alum  is  generally  applied  as  a  mordant  to  cloth. 
Animal  charcoal  readily  withdraws  the  excess  of  alumina  from  this 
solution,  and  so  does  vegetable  fibre,  probably  from  a  similar  attrac- 
tion of  surface.  When  this  solution  is  concentrated  by  evaporation, 
alum  crystallizes  from  it,  generally  in  the  cubic  form,  and  the  excess 
of  alumina  is  precipitated. 

Basic  alum  is  a  granulur  crystalline  compounc;,  wliich  precipitates 
when  gelatinous  alumina  is  boiled  in  a  solution  of  alum.  The  for- 
mula of  this  salt  is  HO.S03-f3(Al203.S03)  +  9HO:  the  alum- 
stone  used  in  preparing  the  Eoman  alum  has  the  same  com- 
position. 

Sulphate  of  ammonia  may  be  substituted  for  sulphate  of  potash  in 
alum,  giving  rise  to  ammoniacal  alum, 

NH4O.SO3  -f  AI2O3.3SO3.  -f  24HO., 

which  agrees  very  closely  in  properties  with  potash -alum. 

Sulphate  of  alumina  also  combines  with  sulphate  of  soda,  forming 
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fioda-alum,  wliich  crystallizes  in  the  same  form  as  common  alum, 
and  also  contains  24HO,  the  formula  of  soda-alum  being, 

NaO.SOa  +  AlA-SSOg  +  24HO. 

Crystals  are  obtained  by  mixing  the  sulphates  of  soda  and  alumina, 
and  leaving  a  concentrated  solution  to  spontaneous  evaporation ;  or 
by  pouring  spirits  of  wine  upon  the  surface  of  such  a  solution  con- 
tained in  a  bottle,  which  deposits  crystals  as  the  alcohol  gradually 
diffuses  through  it.  This  salt  effloresces  in  air  as  rapidly  as 
sulphate  of  soda.  It  is  very  soluble  in  water,  10  parts  of  water  at 
60°  dissolving  11  parts  of  this  salt. 

Sulphate  of  alumina  also  combines  with  the  sulphate  of  protoxide 
of  iron,  when  dissolved  with  that  salt  and  a  considerable  admixture 
of  sulphuric  acid  (Klauer) .  The  double  salt  was  found  to  contain 
1  eq.  of  protosulphate  of  iron  (FeO.SOg),  1  eq.  of  sulphate  of 
alumina  (AI2O3.3SO3),  and  24  eq.  of  water  (24HO),  which  indi- 
cates a  similarity  in  composition  to  alum.  But  it  is  deposited  in  long 
acicular  crystals,  which  do  not  belong  to  the  octohedral  system,  and 
has  therefore  no  claim  to  be  considered  an  alum.  A  similar  salt 
with  magnesia  was  obtained  in  the  same  way.  Another  combination 
of  the  same  class,  containing  the  sulphate  of  manganese,  forms  a 
white  fibrous  mineral  found  in  a  cave  upon  Bushman^s  river  in  South 
Africa.  This  native  sulphate  of  alumina  and  manganese  has  been 
carefully  examined  by  Dr.  Apjohn  and  by  Sir  R.  Kane,  and  ibund  to 
contain  25 HO.  It  is  probable  that  if  the  proportion  of  water  in 
Klauer's  salts  were  accurately  determined,  it  would  be  found  to  be 
the  same.  -These  salts  may  be  represented  as  compounds  of  a  mag- 
nesian  sulphate,  retaining  its  single  equivalent  of  constitutional  water, 
with  sulphate  of  alumina;  the  manganese  compound  thus  :  — 

MnO.SO3.HO  +  AI2O3.3SO3  +  24HO. 

Certain  salts  have  been  formed,  isomorphous  with  alum,  and  strictly 
analogous  in  composition,  in  which  the  alumina  is  replaced  by 
metallic  oxides  isomorphous  with  it,  namely,  by  sesquioxide  of  iron, 
sesquioxide  of  manganese,  and  sesquioxide  of  chromium-  To  these 
salts  the  generic  terni  alum  is  appHed,  and  the  species  is  distinguished 
by  the  name  of  the  metallic  sesquioxide  it  contains ;  as  iroji-alum, 
mangafiese-altwi,  and  chrome-alum. 

Alumina  dissolves  freely  in  most  acids,  but,  like  metallic  peroxides 
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in  general,  it  affords  few  crystalline  salts,  except  double  salts.  The 
oxalate  of  potash  and  alumina  is  the  only  other  of  these  that  has  been 
fully  examined.  It  is  remarkable  for  its  composition,  containing  3 
eq.  of  oxalate  of  potash  to  1  eq.  of  oxalate  of  alumina,  with  6  eq.  of 
water.     Its  formula  is,  therefore, 

SlKO.OaOa)  +  AI2O3.3C2O3  +  6H0. 

Like  alum  it  is  the  type  of  a  genus  of  double  salts.  The  corre- 
sponding oxalates,  containing  soda,  crystallize  with  lOHO.—  (Phil. 
'JVans.  1837,  p.  54.) 

Nitrate  of  alumina  is  said  to  ciystallize  with  difficulty  in  prismatic 
crystals  radiating  from  a  centre. 

An  insoluble  phosphate  of  alumina  precipitates  when  phosphate 
of  soda  is  added  to  a  solution  of  alum  By  fusion  it  gives  a  glass, 
like  porcelain  :  its  composition  is  2Al203.3POg  (Berzelius).  This 
salt,  dissolved  in  an  acid  and  precipitated  by  ammonia  in  excess, 
gives  a  more  highly  basic  phosphate,  of  which  the  formula  is 
4AI2O3.3PO5  (Berzelius).  The  last  phosphate  of  alumina  occurs 
in  nature,  in  combination  with  fluoride  of  aluminum,  in  the  form  of 
radiating  crystals,  and  is  named  ivavellite,  of  which  the  formula  is 
Al2F3  +  3(4Al203.3P05)+36HO.  A  phosphate  of  alumina  and 
lithia,  containing  the  same  subphosphate  of  alumina,  forms  the  rare 
mineral  amhlygo?iite,  and  may  be  prepared  artificially  :  its  formula 
is  2LiO.P05  +  4Al203.3P05. 


SILICATES    OF   ALUMINA. 

The  varieties  of  clay  are  essentially  silicates  of  alumina,  but  com- 
posed as  they  are  of  the  insoluble  matter  of  various  rocks  destroyed 
by  the  action  of  water,  it  is  not  to  be  expected  that  they  will  be  uni- 
form in  composition.  Mitscherlich  considers  it  probable  that  the 
basis  of  clay  is  usually  a  subsilicate  of  alumina,  of  which  the  formula 
is  2Al203.3Si03  ;  and  which  contains  57.42  parts  of  silicic  acid  and 
42.58  of  alumina  in  100  parts.  But  from  the  analysis  of  Mosander, 
the  refractory  clay  of  Stourbridge  (a  fire-clay)  is  a  neutral  silicate  of 
alumina,  Al203.3Si03.  China-clay  or  kaoli?i,  which  is  prepared 
from  decaying  granite,  being  the  result  of  the  decomposition  of  the 
felspar  and  mica  of  that  mineral,  is  not  uniform  in  its  composition. 
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The  clay  from  a  white  bed  of  the  Plastic  Clay  formation,  which  is 
worked  for  the  purposes  of  pottery  in  the  neighbourhood  of  Farnham, 
gave  Mr.  Way  the  following  results  : — 

White  clay  dried  at  212°  contained  in  100  parts — 


Silicic  acid     . 

.  42.28 

Insoluble  in  acidsj^'".      ' 
08.03.        Mp.^ideofiron 
Lime     . 

.  11.45 
.     8.53 
.     0.55 

Magnesia 

.     0.22 

Silicic  acid  . 

.  18.73 

Alumina 

.  12.15 

Oxide  of  iron 

.     2.11 

Soluble  in    acids, 
41.97. 

Lime  . 

.     0.27 

Magnesia     . 

.     0.29 

Potash 

.     0.86 

Soda    . 

.     1.41 

Water  of  Combniation 

.     6.15 

100.00 


Clay,  and  soils  in  general  from  the  clay  which  they  contain, 
possess  a  remarkable  power  of  separating  salts  of  ammonia  and 
potash  from  their  solutions,  and  retaining  these  bases,  first  observed 
with  reference  to  ammonia  by  Mr.  H.  O.  Thomson,  and  since  ably 
investigated  by  Professor  Way.  A  light  soil  digested  with  a  weak 
solution  of  caustic  ammonia  for  two  hours,  withdrew  0.3438  per  cent 
of  its  weight  of  that  base,  and  0,3478  per  cent  of  ammonia  from  a 
solution  of  the  hydrochlorate  of  ammonia,  the  latter  salt  being  decom- 
posed, and  chloride  of  calcium  found  in  solution.  The  sulphate  of 
ammonia  was  decomposed  by  the  same  soil  and  by  the  clay  above 
described,  in  a  similar  manner,  sulphate  of  lime  appearing  in  solution. 
Hence,  when  putrid  urine  and  other  soluble  manures  are  filtered 
through  clay  or  soil,  the  ammonia  is  entirely  retained,  while  the 
water  drains  away  containing  only  earthy  salts.  This  absorptive 
power  of  clay  is  not  destroyed  by  boiling  the  clay  with  an  acid,  nor 
by  drying  it  between  150°  and  200°;  but  the  property  is  nearly 
lost  in  thoroughly  burnt  clay.  The  lime  present  in  clay,  which 
appears  to  be  necessary  to  this  action,  is  not  entirely  withdrawn  by 
boiling  with  an  acid,  as  will  be  observed  in  the  preceding  analysis  of 
clay.      From  the  hydrochlorate  of  ammonia  0.2010    per  cent  of 
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ammonia  was  withdrawn  by  tlie  white  clay,  and  0.4366  per  cent  of 
potash,  from  the  nitrate  of  potash,  by  the  same  clay.  The  only 
solutions  of  lime  which  caine  under  the  influence  of  this  absorbing 
power  of  clay  and  soils  were  those  of  hydrate  of  lime,  and  of  carbonate 
of  lime  in  carbonic  acid  water.  Mr.  Way  does  not  propose  any  ra- 
tionale of  this  remarkable  action  of  clay,  but  excludes  the  supposition 
of  its  being  due  to  free  alumina  and  silicic  acid.^ 

A  subsilicate  of  alumina  exists,  forming  a  very  hard  crystallized 
mineral,  disthene  or  cyanite,  of  which  the  formula  is  SAlg  O3.  Si  O3. 

Double  silicates  of  alumina  and  potash  are  extensively  diffused 
in  the  mineral  kingdom,  forming  a  very  considerable  portion  of  the 
solid  crust  of  the  globe.  The  most  usual  of  these  double  salts  is 
the  following. 

Potash- Felspar,  which  is  crystallized  in  oblique  rhomboidal 
prisms,  of  density  2.5,  is  composed  of  single  equivalents  of  the  neutral 
silicates  of  potash  and  alumina.  Its  formula  is  therefore  analogous 
to  that  of  anhydrous  alum,  silicon  being  substituted  for  sulphur ; 
KO.SiOg  +  AlaOg.SSiOg.  It  is  one  of  the  three  principal  con- 
stituents of  granite  and  gneiss.  This  species  of  felspar  is  named 
orthose.  Other  varieties  of  felspar  are  alhite,  or  soda-felspar,  con- 
taining silicate  of  soda,  NaO.SiOg,  in  the  place  of  silicate  of  potash ; 
lithia-felspar  {petalite,  triphane),  LiO.SiOg  +  Al^Og.SSiOy ;  and 
lime-felspar  [labradorite,  anorthite),  CaO.SiOg  +  AlaOg.HSiOg. 
The  alkaline  base  of  felspars  is  often  partially  replaced  by  Hme  and 
magnesia,  and  the  most  general  formula  for  a  felspar  would  be — 

KO 

'    SiO,-f  ALOo.8SiO, 


NaO 
CaO 
MgOJ 


'2^3* 


Amphigen  or  leiicite  occurs  principally  in  the  lava  of  Vesuvius  in 
a  crystallized  state.  The  relation  between  the  potash  and  alumina  is 
the  same  as  in  orthose,  but  it  contains  one-third  less  silicic  acid.  Hence 
the  formula  3K0.2Si03  +  3(Al203.2Si03).  A  similar  combination 
is  obtained  by  precipitating  a  saturated  solution  of  alumina  in  potash, 
by  a  solution  of  silicate  of  potash  (Berzelius.) 

When  a  mixture  of  silicic  acid  and  alumina  is  fused  with  an  excess 
of  potash,  and  the  fused  mass  washed  with  water,  to  withdraw  every- 
thing soluble,  a  powder  remains  in  which  the  potash  and  alumina  are 
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still  in  the  ratio  of  single  equivalents,  but  in  which  the  oxygen  of  the 
silicic  acid  is  equal  to  that  of  the  bases.  This  double  salt  has  conse- 
quently the  formula,  eSKO.SiOg  +  SAlaOg.SSiOa. 

Anah-ime  is  the  soda  silicate  proportional  to  amphigen.  It  is 
crystallized  like  amphigen,  but  contains  6  eq.  of  water.  Its  formula 
is  3Na0.2Si03  +  3 (Al203.2Si03)  +  6  BO. 

A  third  compound  may  be  prepared,  corresponding  with  the 
artificial  potash-compound  above.  It  occurs  also  in  hexagonal  prisms 
in  the  lava  of  Vesuvius,  forming  the  mineral  tieplielin. 

Garnet  is  a  double  basic  silicate  of  lime  and  alumina,  of  which 
the  formula  is  3Ca03.Si03  + Al203.Si03. 

The  silicates  of  lime  and  of  alumina  combine  in  many  difTerent 
proportions,  forming  a  great  variety  of  minerals.  Most  of  them 
contain  water,  in  consequence  of  which  they  froth  when  heated  before 
the  blow-pipe,  and  hence  are  called  zeolites.  One  of  these,  named 
stilbite,  from  its  shining  lustre,  corresponds  in  composition  with 
felspar,  but  contains  in  addition  6  eq.  of  water :  its  formula  is 

CaO.SiOg  +  Al203.8Si03  +  6H0. 

A  small  portion  of  one  or  other  of  the  alkalies  is  often  found  in  these 
minerals,  besides  small  quantities  of  protoxide  of  iron  and  other 
magnesian  oxides,  replacing,  it  may  be  presumed,  the  lime  in  part. 
This  extensive  class  of  minerals  has  been  very  fully  studied  by  Dr. 
Thomson,  who  has  added  considerably  to  their  number.^ 
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The  silicate  of  alumina  is  the  basis  of  all  the  varieties  of  pottery. 
When  moistened  with  water,  clay  possesses  a  high  degree  of  plasticity, 
and  can  be  extended  into  the  thinnest  plates,  fashioned  into  form  by 
the  hand,  by  pressure  in  moulds,  or,  when  dried  to  a  certain  point, 
be  modelled  on  the  turning  lathe.  It  loses  its  water  also  in  drying, 
without  cracking,  provided  it  is  allowed  to  contract  equally  in  all 
directions,  and  acquires  greater  solidity.  When  heated  more  strongly 
in  the  potter's  kiln,  in  which  it  is  not  fused  nor  its  particles  agglu- 
tinated by  partial  fusion,  it  becomes  a  strong  solid  mass,  which 
adheres  to  the  tongue  and  absorbs  water  with  avidity.  To  render 
it  impermeable  to  that  liquid,  it  is  covered  with  a  vitreous  matter, 
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whicli  is  fused  at  a  high  temperature,  and  forms  an  insoluble  glaze 
or  varnish  upon  its  surface.  But  the  interior  mass  of  ordinary 
pottery  has  always  an  earthy  fracture,  and  presents  no  visible  trace  of 
fusion. 

When  an  addition  is  made  to  the  clay,  of  some  compound,  which 
softens  or  fuses  at  the  temperature  at  which  the  earthenware  is  fired, 
such  as  felspar  in  powder,  then  the  clay  is  agglutinated  by  the  fusible 
ingredient,  and  the  mass  is  rendered  semi-transparent,  in  the  same 
manner  as  paper  that  has  imbibed  melted  wax  remains  translucent 
after  the  latter  has  fixed.  The  accidental  presence  of  lime,  potash, 
protoxide  of  iron,  or  any  similar  base  in  the  clay,  may  produce  the 
same  effect  by  forming  a  fusible  silicate  diffused  through  the  clay  in 
excess.  Such  is  the  constitution  of  porcelain,  and  of  brown  salt- 
glaze  ware  of  which  stoneware-bottles  are  made,  which  is  indeed  a 
sort  of  porcelain.  When  these  kinds  of  ware  are  covered  by  a  fusible 
material,  similar  to  that  which  has  entered  into  the  composition  of 
their  body,  and  a  second  time  fired,  they  acquire  a  vitreous  coating. 
Their  fracture  is  vitreous  and  not  earthy,  the  broken  surface  does  not 
adhere  to  the  tongue,  and  the  mass  has  much  greater  solidity  and 
strength  than  the  former  kinds  of  earthenware.  In  combining  the 
ingredients  of  porcelain,  an  excess  of  the  fusible  material  is  to  be 
avoided,  as  it  may  cause  the  vessels  to  soften  so  much  in  the  kiln  as 
to  lose  their  shape,  or  even  to  run  down  into  a  glass ;  while  on  the 
other  hand  if  the  vitrifiable  constituent  is  in  too  small  a  proportion, 
the  heat  of  the  furnace  may  be  inadequate  to  soften  the  mass,  and  to 
agglutinate  it  completely. 

Eelspar  mixed  with  a  little  clay  is  used  as  the  glaze  for  the  cele- 
brated porcelain  of  Levres.  Elsewhere  a  mixture  of  sulphate  of  Hme, 
ground  porcelain  and  flint,  is  sometimes  used  as  a  glaze.  In  paint- 
ing porcelain,  the  same  metallic  oxides  are  employed  as  in  staining 
glass.  They  are  combined  with  a  vitrifiable  material,  generally  made 
thin  with  oil  of  turpentine,  and  applied  to  the  pottery  sometimes 
under,  and  sometimes  above  the  glaze.  To  fuse  the  latter  colours, 
the  porcelain  must  be  exposed  a  third  time  to  heat,  in  the  enamel- 
furnace. 

Stoneware. — The  principal  varieties  of  clay  used  here,  according 
to  Mr.  Brande,  are  the  following : — i.  Marly  clay,  which,  with 
silicic  acid  and  alumina,  contains  a  portion  of  carbonate  of  lime :  it  is 
much  used  in  making  pale  bricks,  and  as  a  manure,  and  when 
highly  heated  enters  into  fusion.     2.  Pipe-clai/,y^h.kh  is  very  plastic 
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and  tenacious,  and  requires  a  higher  temperature  than  the  preceding 
for  fusion :  when  burned  it  is  of  a  cream-colour,  and  is  used  for 
tobacco-pipes  and  white  pottery.  3.  Potters  clay  is  of  a  reddish  or 
grey  colour,  and  becomes  red  when  heated ;  it  fuses  at  a  bright-red 
heat ;  mixed  with  sand  it  is  manufactured  into  red  bricks  and  tiles, 
and  is  also  used  for  coarse  pottery  (Manual  of  Chemistry,  p.  1131). 
The  glaze  is  applied  to  articles  of  ordinary  pottery  after  they  are 
fired,  and  in  the  condition  of  biscuit  ware.  They  are  dipped  into  a 
mixture  of  about  60  parts  of  red  lead,  10  of  clay,  and  20  of  ground 
flint  diffused  in  water  to  a  creamy  consistence,  and  when  taken  out 
enough  adheres  to  the  piece  to  give  a  uniform  glazing  when  again 
heated.  To  cover  the  red  colour  which  iron  gives  to  the  common 
clays  when  burnt,  the  body  of  the  ware  is  sometimes  coloured  uni- 
formly of  a  dull  green,  by  an  admixture  of  oxide  of  clu:omium,  or 
made  black  by  oxides  of  manganese  and  iron ;  or  oxide  of  tin  is 
added  to  the  materials  of  the  glaze,  to  render  it  wliite  and  opaque. 
The  patterns  on  ordinary  earthenware  are  generally  first  printed  upon 
tissue-paper,  in  an  oily  composition,  from  an  engraved  plate  of  cop- 
per, and  afterwards  transferred  by  applying  the  paper  to  the  surface 
of  the  biscuit  ware,  to  which  the  colour  adheres.  The  paper  is  after- 
wards removed  by  a  wet  sponge.  The  fusion  of  the  colouring  mat- 
ters takes  place  with  that  of  the  glaze,  whicli  is  subsequently  appHed, 
in  the  second  filing.  The  prevailing  colours  of  these  patterns  are 
blue  from  oxide  of  cobalt,  green  from  oxide  of  chromium,  and  pink 
from  that  compound  of  oxide  of  tin,  Hme,  and  a  small  quantity  of 
oxide  of  cliromium,  known  as  j)ink  colour. 


SECTION   II. 

GLUCINUM,    YTTRIUM,    THORIUM,    ZIRCONIUM. 

GLUCINUM. 

Eq.  6.97  or  87.06 ;  Gl. 

Sun,  Beryllium. — The  compounds  of  tliis  metal  have  a  consider- 
able analogy  to  those  of  aluminum.     Glucinum  is  obtained  from  its 
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chloride,  which  is  decomposed  by  potassium  in  the  same  manner  as 
the  chloride  of  aluminum.  This  metal  is  fusible  with  great  difficulty, 
not  oxidable  by  air  or  water  at  the  usual  temperature,  but  it  takes 
fire,  in  oxygen,  at  a  red-heat,  and  burns  with  a  vivid  light.  It  de- 
rives its  name  from  yXvKvc,  sweet,  in  allusion  to  the  sweet  taste  of 
the  salts  of  its  oxide,  glucina. 

Gliicina,  Beryllia ;  GI2O3  is  a  comparatively  rare  earth,  but  con- 
tained to  the  extent  of  13f  per  cent  in  the  emerald  and  beryl,  of 
which  specimens  that  are  not  transparent  and  well  crystallized  can  be 
procured  in  considerable  quantity.  To  decompose  this  mineral, 
which  is  a  silicate  of  glucina  and  alumina,  it  must  be  reduced  to  an 
extremely  fine  powder,  the  grosser  particles  which  fall  first  when  the 
powder  is  suspended  in  water,  being  submitted  again  to  pulveriza- 
tion, and  the  powder  calcined  with  3  times  its  weight  of  hydrate  of 
potash.  The  calcined  mass  is  moistened  with  water,  and  then  treated 
with  hydrochloric  acid,  added  in  small  portions  till  it  is  in  excess. 
The  potash,  alumina,  and  glucina,  are  thus  converted  into  chlorides, 
and  dissolved.  The  solution  is  evaporated  to  dryness  on  a  water- 
bath,  and  the  residue  acidulated  by  a  few  drops  of  hydrochloric  acid  : . 
the  silicic  acid  remains  undissolved.  On  adding  afterwards  carbo- 
nate of  ammonia  in  considerable  excess  to  the  filtered  liquid,  the 
alumina  is  precipitated  together  with  the  lime  and  oxides  of  iron  and 
chromium  which  are  usually  present,  while  the  glucina  alone  remains 
in  solution.  The  liquor  is  filtered,  and  the  carbonate  of  ammonia 
being  then  expelled  from  it  by  ebullition,  carbonate  of  glucina  preci- 
pitates. The  earthy  carbonate  is  ignited,  and  leaves  glucina  in  the 
state  of  a  white  and  light  powder,  tasteless,  infusible  by  heat,  insolu- 
ble in  water  and  caustic  ammonia,  but  soluble  in  caustic  potash  and 
soda.  Its  density  is  nearly  3.  It  is  distinguished  from  alumina, 
which  it  greatly  resembles,  by  absorbing  carbonic  acid  from  the  air, 
and  readily  forming  a  carbonate;  and  most  remarkably  by  being  solu- 
ble, when  freshly  precipitated,  in  a  cold  solution  of  carbonate  of  am- 
monia. It  is  capable  of  decomposing  the  salts  of  ammonia  in  a  hot 
solution,  and  replaces  that  base.  The  salts  of  glucina  do  not  form  an 
alum  when  treated  with  sulphate  of  potash ;  nor  do  they  become  blue, 
like  the  salts  of  alumina,  when  heated  before  the  blow-pipe  with  nitrate 
of  cobalt. 

Glucina  combines  with  sulphuric  acid  in  several  proportions,  form- 
ing a  bisulphate,  2GI2O3.6SO3,  which  is  crystalhzable ;    a  neutral 
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sulphate,  GI2O3.3SO3  +  I2HO,  which  forms  fine  crystals;  a  soluble 
subsalt,  GI2O3.2SO3,  and  an  insoluble  subsalt^  GI2O3.SO3. 

Emerald  or  heri/l  is  a  double  silicate  of  glucina  and  alumina,  of 
the  composition  expressed  by  Gl203.Si03  +  Al203.Si03;  but  contains 
besides,  lime  and  some  chromium  and  iron.  This  mineral  crystal- 
lizes in  six-sided  prisms,  which  are  very  hard.  "When  coloured  green 
by  oxide  of  chromium  it  forms  the  true  emerald,  and  when  colourless 
and  transparent  aqua  marina,  which  are  both  ranked  among  the 
precious  stones.     The  density  of  the  emerald  is  2.58  to  2.732. 

Euclase  is  also  a  silicate  of  glucina  and  alumina.  It  is  a  very 
rare  mineral,  which  crystallizes  in  limpid,  greenish  prisms. 

Chrysoberyl,  one  of  the  finest  of  the  gems,  consists  essentially  of 
1  equivalent  of  glucina  combined  with  6  equivalents  of  alumina, 
GI2O3,  6AI2O3. 

It  is  very  doubtful  whether  glucina  is  a  sesquioxide,  GI2O3,  analo- 
gous in  composition  to  alumina.  It  is  indeed  quite  as  probable  that 
glucina  is  a  protoxide,  GIO,  analogous  to  magnesia.  The  equivalent 
of  glucinum  would  then  be  reduced  to  4.64  on  the  hydrogen-scale,  and 
58.04)  on  the  oxygen-scale. 


YTTRIUM,  EKBIUM,  AND  TERBIUM. 

%.  32.20  or  402.5;  Y. 

The  earth  yttria  was  discovered  in  1794,  by  Gadolin,  in  a  mineral 
from  Ytterby  in  Sweden,  which  is  now  called  gadolinite.  It  has 
since  been  found  in  several  other  minerals,  but  all  of  which  are  ex- 
ceedingly rare.  The  metal  was  isolated  from  its  cliloride  by  Wohler, 
precisely  in  the  same  manner  as  the  two  preceding  metals.  It  is  of 
a  darker  colour  than  these  metals,  and  in  oxidabihty  resembles  glu- 
cinum. 

Yttria  is  considered  a  protoxide,  YO.  Its  density  is  even  greater 
than  baryta,  being  4.842.  It  is  absolutely  insoluble  in  the  caustic 
alkalies,  is  precipitated  by  yellow  prussiate  of  potash,  and  its  sulphate 
and  some  others  of  its  salts  have  an  amethystine  tint,  properties 
which  distinguish  it  from  the  preceding  earths.  The  nitrate  of 
yttria  is  colourless  and  crystallizable.  The  chloride  of  yttrium  is 
deliquescent,  and  does  not  appear  to  be  volatile. 

In  what  has  hitherto  been  distinguished  as  yttria  two  new  bases 
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have  lately  been  discovered  by  M.  Mosander,  whicb  have  been  named 
erhia  and  terhia.  Tliese  oxides  are  less  soluble  in  dilute  sulphuric  acid 
than  yttria,  and  are  thereby  separated  from  that  earth.  From  a  solu- 
tion in  nitric  acid  of  the  two  new  earths,  oxide  of  erbium  is  precipi- 
tated by  saturating  the  liquid  with  sulphate  of  potash,  in  the  form  of 
a  sparingly  soluble  double  salt,  while  the  oxide  of  terbium  remains 
in  solution.  Each  of  these  bases  may  then  be  precipitated  singly  by 
means  of  potash. 

The  sulphate  and  nitrate  of  terbia  readily  crystallize ;  the  former 
salt  is  efflorescent.  The  salts  of  terbia  are  apt  on  dessiccation  to 
assume  a  red  amethystine  tint. 

Erbia  assumes  a  deep-yellow  tint  when  made  anhydrous,  which 
appears  to  be  due  to  oxidation,  as  the  earth  becomes  colourless  in  a 
stream  of  hydrogen.  The  sulphate  of  erbia,  which  is  crystallizable 
and  colourless,  does  not  effloresce  in  air,  hke  the  sulphate  of  terbia. 


THORIUM,  OR  THORINUM. 

Eq.  59.59  or  7M.9;  Th. 

This  element  was  discovered  by  Berzelius,  in  1824,  in  a  black 
mineral,  like  obsidian,  since  called  thorite j  from  the  coast  of  the 
North  Sea.  This  mineral  contains  57  per  cent  of  thorina.  This 
element  has  been  named  from  the  Scandinavian  deity  Thor.  The 
metal  was  obtained  from  the  chloride,  and  exhibited  a  general  resem- 
blance to  aluminum.  Like  yttrium,  it  burns  in  oxygen  with  a  degree 
of  brilliancy  which  is  quite  extraordinary :  the  resulting  oxide  does 
not  exliibit  the  slightest  trace  of  fusion. 

Thorina  is  considered  a  protoxide,  ThO.  Its  density  is  9.402, 
and  therefore  superior  to  that  of  all  other  earths.  Thorina  forms  a 
hydrate,  ThO.HO,  which  is  soluble  in  alkaline  carbonates  and  in  all 
the  acids.  It  resembles  yttria  in  being  insoluble  in  the  caustic  alka- 
hes,  but  differs  from  that  earth  in  the  peculiar  property  of  its  sulphate, 
to  be  precipitated  by  ebullition,  and  to  redissolve  entirely,  although 
in  a  slow  manner,  in  cold  water.  Its  sulphate  also  forms  a  double 
salt  with  sulphate  of  potash,  which  dissolves  in  water,  but  is  insolu- 
ble in  a  Uquid  saturated  with  sulphate  of  potash.  The  solutions  of 
thorina  are  precipitated  white  by  the  ferrocyanide  of  potassium,  a  pro- 
perty by  which  thorina  is  distinguished  from  zirconia.     Thorina  is 
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also  precipitated  from  solutions  to  which  an  excess  of  acid  has  been 
added,  on  afterwards  introducing  sufficient  ammonia,  by  which  it  is 
distinguished  from  magnesia. 


ZlRCOxNlUM. 

Eq.  33.62  or  420.2 ;  Zr. 

Zirconium  is  obtained  by  heating  the  double  fluoride  of  zirconium 
and  potassium,  with  potassium,  in  a  glass-  or  ii  on-tube.  On  throwing 
the  cooled  mass  into  water,  the  zirconium  remains  in  the  form  of  a 
black  powder,  very  like  charcoal.  It  contains  an  admixture  of 
hydrate  of  zirconia,  which  may  be  withdrawn  from  it  by  digestion  in 
hydrochloric  acid,  at  104°  (40°  C.)  The  zirconium  is  afterwards 
w^ashed  with  sal-ammoniac  to  remove  completely  chloride  of  zir- 
conium, and  then  with  alcohol  to  withdraw  the  sal-ammoniac.  If 
washed  with  pure  water,  it  is  apt  to  pass  through  the  filter.  After 
being  thus  treated,  the  powder  assumes,  under  the  burnisher,  the 
lustre  of  iron,  and  is  compressed  into  scales  which  resemble  graphite. 
When  heated  in  air  it- takes  fire  below  redness.  It  is  very  shghtly 
attacked  by  either  alkahes  or  acids,  with  the  exception  of  hydrofluoric 
acid,  which  dissolves  zirconium  with  evolution  of  hydrogen. 

The  constitution  of  zirconia  is  not  certainly  known,  but  it  is 
believed  to  be  analogous  to  that  of  alumina,  Zr203.  It  was  first 
recognized  as  a  peculiar  earth  by  Klaproth  in  1789,  who  discovered 
it  in  the  zircon  of  Ceylon,  a  siHcate  of  zirconia ;  which  is  also  found 
in  the  syenitic  mountains  of  the  south-east  side  of  Norway.  The 
hyacinth  is  the  same  mineral,  of  a  red-colour;  it  is  found  in  volcanic 
sand  at  Expailly  in  Trance,  in  Ceylon,  and  some  other  locaHties.  The 
earth  is  obtained  from  this  mineral,  which  is  more  difficult  of  decom- 
position than  most  others,  by  processes  for  which  I  must  refer  to 
Berzelius.^ 

Zirconia  is  a  white  earth,  like  alumina  in  appearance,  of  density 
4.3.  Its  hydrate,  after  being  boiled,  is  soluble  with  difficulty  in 
acids.  When  heated,  it  parts  with  its  water,  afterwards  glows 
strongly,  from  a  discharge  of  heat,  becomes  denser,  and  less  suscep- 
tible of  being  acted  on  by  reagents.     Zirconia  forms  a  carbonate. 

♦  Traite  de  CWmie,  ii.,  171.     Paris,  1846. 
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When  once  separated  from  its  combinations,  it  is  insoluble  in  car- 
bonate of  potash  or  soda,  but  dissolves  in  them  in  the  nascent  state. 
The  salts  of  zirconia  have  a  purely  astringent  taste.  It  agrees  with 
thorina  in  being  precipitated,  when  any  of  its  neutral  salts  are  boiled 
with  a  solution  of  sulphate  of  potash.  The  chloride  of  zirconium  is 
volatile,  but  less  so  than  the  chloride  of  silicium ;  a  property  wliich 
has  been  taken  advantage  of  by  M.  Wohler  in  preparing  zirconia. 
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Elements,  211. 
and  Specific  G-ravity  of 

Salts,  213. 
and  Specific  Gravity  of 

Oxides,  215. 
of  Sohd  Bodies,  209, 210. 
Weights,  Relation  between  the, 
and  Volimaes  of  Bodies  in  the 
Gbaeous  State,  142-148. 
Atoms,  Specific  Heat  of,  135. 

Table  of  Specific  Heat  of,  136. 
Azoto-sulphuric  Acid,  412. 


Barilla,  562. 
Barium,  575. 

Binoxide  of,  577. 


Barium,  Chloride  of,  577. 

Class  of  Elements,  169. 
Protoxide  of,  575. 
Baryta,  575. 

Carbonate  of,  577. 
Hydrate  of,  576. 
Sulphate  of,  578. 
Nitrate  of,  578. 
Basyl  Class  of  Compound  Radicals,  186. 
Battery,  Bird's,  287. 

Bunsen's,  286. 
Daniell's,  283. 
Grove's,  269,  285. 
Basic  Alum,  608. 
Beryl,  or  Emerald,  617. 
Beryllia,  Glucina,  616. 
Beryllium,  615. 
Bibasic  Phosphate  of  Water,  441. 

Salts,  193. 
Biborate  of  Soda,  565. 
Bicarbonate  of  Potash,  533. 

and  Magnesia,  597. 
Soda,  552. 
Bicarburetted  Hydrogen,  of  Faraday,  386. 
Preparation  of, 
385. 
Bihydrosulphate  of  Potash,  528. 
Binoxide  of  Barium,  577. 

Hydrogen,  319. 
Manganese  and  Hydrocliloric 
Acid,  Preparation  of  Chlo- 
rine from,  458. 
Nitrogen,  Compound  of,  with 
Chlorine,  479. 
Properties  of,  341. 
Preparation  of,  341. 
Strontium,  580. 
Bird's   Battery  and  Decomposing   Cell, 

287. 
Bisul-hyposulphuric  Acid,  418. 
Bisulphate  of  Soda,  562. 
Bisulphide  of  Carbon,  425, 

Hydrogen,  423. 
Bittern,  542. 

Black's  Views  on  Fluidity,  43. 
Bleaching  Powder,  591. 
Bodies,  Compound,  113. 

Relation    between    the    Atomic 
Weights  and  the  Volumes  of, 
in  the  Gaseous  State,  142. 
Boilers,  Construction  of,  61,  62. 
Boihng  Points,  Table  of,  52. 
Boric,  390. 

Boracic,  or  Boric  Acid,  390. 
Boracite,  600. 
Borate  of  Magnesia,  599. 
Borates,  391. 
Borax,  565. 

Boron,  Chloride  of,  484. 
Fluoride  of,  507. 
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Boron,  its  Preparation,  Properties,  389. 
Boutigiiy,   Experiments  on  the   Ebulli- 
tion of  Water,  49. 
Brewster  on  Light,  326. 
Brix,  Experiments  on  Vaporization,  56, 
57. 
on  the  Latent  Heat  of  Vapour  of 
Water,  56. 
Bromic  Acid,  490. 
Bromide  of  Iodine,  502. 

Phosphorus,  491. 
SiUcon,  491. 
Sulphiu-,  490. 
Bromine,  Preparation  of,  488. 
Properties  of,  489. 
Cliloride  of,  490. 
Bude  Light,  Grumey's,  384. 
Bunsen,  Carbo-zinc  Battery,  286. 

Eudiometers,  381. 
Burette,  Description  of,  551. 
Busey,  Table  of  the  Efficiency  of  different 
Cliarcoals,  361. 


Calcium,  581,  593. 

Binoxide  of,  protosulphide  of, 
Phosphide  of,  Chloride  of, 
584-85. 

Fluoride  of,  586. 

Hydrate  of  the  Binoxide  of,  584. 
Caloric,  1. 
Capillary  Tubes,  15. 
Carbides,  362. 

Carbon    and    Hydrogen — Hydrides    of 
Carbon,  374. 

and  Nitrogen— Cyanogen,  387. 

and  Sulphur,  425. 

Animal  Black,  361. 

Anthracite,  358. 

Bisulphite  of,  425. 

Bussy's  Table  of  Efficiency  of 
dilferent  Charcoals,  361. 

Charcoal,  359. 

Chlorides  of,  481. 

Class,  174. 

Coke  of  Wood  Charcoal,  360. 

Diamond,  357. 

Gas,  359. 

Graphite,  351. 

Ivory  Black,  360. 

Lamp-black,  359. 

Perchloride  of;  483. 

Protochloride  of,  483. 

Sohd  Sulphide  of,  427. 

Specific  Heat  of  Varieties  of, 
139. 


Carbon,    Subchloride  of,  483. 
Uses,  363. 

Wood  Cliarcoal,  359. 
Carbonate  of  Baryta,  577. 
Lime,  587. 
Lithia,  574. 
Magnesia,  596. 
Potash,  532. 
Soda,  544. 

Preparation  of,  from 
the  Sulphate,  557. 
Strontia,  580. 
Carbonates,  368. 

Table  of,  213. 
Carbonic  Acid,  Composition  of,  366. 
Preparation,  363. 
Properties,  364. 
Uses  of,  368. 
Vapour,  Tension  of,  73. 
Oxide,  Preparation,  369. 
Properties,  370. 
Carburets  or  Carbides,  362. 
Catalysis,  or  Decomposition  by  Contact, 

233. 
Cavendisli,   Experiments   on  Hydrogen, 

311. 
Celsius's  Thermometer,  18. 
Chalybeate  Waters,  319. 
Charcoal,  358. 
Chemical  Nomenclature,  117. 

and  Notation,  108. 
Clilorate  of  Potash,  537. 
Chlorates,  474. 
Chloric  Acid,  473. 

Composition  of,  474. 
Resolution   of,    into   Per- 
oxide of  Chlorine    and 
Hyperchloric  Acid,  475. 
Chloride  of  Aluminum,  604. 
Barimn,  577. 
Boron,  484. 
Bromine,  490. 
Calcium,  595. 
Carbon,  481. 
Iodine,  502. 
Lime,  591. 
Magnesium,  595. 
Nitrogen,  480. 
SiUcon,  484. 
Phosphorus,  487. 
Potassium,  528. 
Sodium,  542. 
Strontium,  580. 
Chlorides,  123,  463. 

Tables  for  1st  and  2nd  class  of, 
214,  215. 
Chlorimetry,  592. 
Chlorine,  114,  455. 

Action  of,  on  Potash,  473. 
and  Binoxide  of  Nitrogen,  479. 
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Chlorine    and    Oxygen,    Compound   of, 
469. 
and  Sulphur,  485. 
Class,  171. 
Peroxide  of,  478. 
Preparation  of,  456. 
Process  for,  from  Hydrochloric 
Acid  and  Binoxide  of  Man- 
ganese, 458. 
Process  for,  from  Chloride  of 
Sodium  (Common Salt), Bin- 
oxide   of    Manganese,    and 
Sulphuric  Acid,  460. 
Properties  of,  460. 
Uses,  462. 
Chloro-nitric  Acid,  479. 

Nitrous  Acid,  480. 
Chloro-sulphide  of  Phosphorus,  487. 
Chlorosulphuric  Acid,  410. 
Chlorous  Acid,  477. 
Chloroxicarbonic  Gras,  484. 
Chloroxide  of  Phosphorus,  487. 
Chromates  and  Timgstates,  Table  of,  214. 
Chrysoberyl,  617. 
Classification  of  Elements,  168. 
Claudet,  Analysis  of  Black- Ash,  560. 
Clay,  610,  614. 
Coal  Gas,  378. 

Heme's  Analysis  of,  380. 
Cohesion,  217. 
Combining  Measure,  145. 

Proportions,  121-132. 
Combustion,  Heat  from,  299. 
Heat  of,  300. 
in  Air,  301. 
Common  Salt,  542. 

Compounds,  Formation  of,  by  Substitu- 
tion, 227. 
Formulae  of,  118. 
Condensing  Tube,  63. 
Contraction  of  Liquids  from  the  Boiling 
Point,  7. 
Water,  9. 
Copper,  Action  of  Nitric  Acid  upon,  341. 
Cordier,  Investigation  on  Heat,  40. 
Crichton's  Thermometer,  17. 
Cryophorus,  Dr.  Wollaston's,  66. 
Cuprammonium,  203. 
Cyanide  of  Potassium,  530. 
Cyanides,  Compounds  of,  200. 
C^ranogen,  387. 


D. 


Balton  On  the  Evaporation  of  Water,  91. 
Dalton's  Atomic  Theory,  133. 

Law  of  the  DUatation  of  Grases, 
12. 

MiscibiUtv  of  Gases,  85. 


Daniell's  Constant  Battery,  283. 
Hygrometer,  95. 
Pyrometer,  20. 

Decomposition,  225. 

by  Contact,  233, 

Decompositions,  Secondary,  262. 

Delarive  and  Marcet,  Haycraft,  Dulong,, 
Apjohn,  Suennann,  Delaroche,  Be- 
rard,  on  Specific  Heat  of  Gases,  26. 

Deuto-hydrate  of  Phosphoric,  441. 

Dew,  Deposition  of,  38. 

Well's  Experiments  on,  39. 

Diamagnetic  Bodies,  282. 

Diamond,  357. 

Diaplu*agm,  Two  Polar  Liquids  separated 
by  a  Porous,  263. 

Diffusion  of  Gases,  84. 

Dilatation  of  SoHds  by  Heat,  3. 

Dimorphism,  176. 

Dissipation  of  Heat,  32. 

Distillation,  Natural  Sequel  to  Vaporiza- 
tion, 62. 

Dolomite,  597. 

Double  Salts,  197. 

Dutch  Liquid,  386. 


E. 


Earthenware  and  Porcelain,  613. 
Electrolysis,  260. 

Elements,  Arrangement    of,    in     Com- 
pounds, 184. 

Atomic  Volume  and  Specific 
Gravity  of  the.  Table  i., 
211. 

Barium  Class  of,  169. 

Carbon  Class  of,  174. 

Chlorine  Class  of,  171. 

Classification  of,  168. 

Gold  Class  of,  173. 

Magnesian  Class  of,  168. 

MetaUic,  510. 

Non-Metallic,  291. 

Phosphorus  Class  of,  172. 

Platinum  Class  of,  173. 

Potassium  Class  of,  170. 

Sulphur  Class  of,  168. 

Symbols  of  the,  118. 

Tin  Class  of,  173. 

Tungsten  Class  of,  174. 
Elementary  Substances,   Table  of^   108- 

110. 
Emerald,  or  Beryl,  617. 
Enamel,  571. 

Equivalents,  Table  of,  108-110. 
Erbia,  618. 
Erbium,  617. 
Euclilorine  Gas,  472. 
Euclase,  617. 
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Eudiometers  for  measuring  Gases,  381. 

of  Bunsen,  381. 
Evaporation,  in  vacuo,  64. 

Spontaneous,  90. 
Dalton  and  Kegnault  on  the, 
of  Water,  91. 
Expansion  and  the  Thermometer,  2. 
of  SoHds,  2. 
of  Liquids,  5,  7. 

Experiments      on 
the,byDr.Hope, 
Hallstrom, 
Mimcke,    Rud- 
berg,    Despretz, 
Sir  C.  Blagden, 
GHpin,  10. 
Observations      on 
the,    by    Pierre 
and  Muncke,  7. 
of  Gases,  12. 
Experiment  on  the  Radiation  of  Heat,  32. 
Experiments  on  Dew,  39. 

Gases,  72-74. 
Hydrogen,  311. 


F. 


Faraday  on  the  Liquifaction  of  Gases,  71. 

on  Polarized  Light,  281. 
Felspar,  612. 

Ferricyanide  of  Potassium,  530. 
Ferrocyanide  of  Potassium,  29. 
Flame,  Structure  of,  381. 
Fluichty,  as  an  Effect  of  Heat,  41. 

Table  of,  42. 

Black's  Views  on,  43. 
Fluoboric  Acid,  507. 
Fluoboride  of  Sihcon,  508. 
Fluoride  of  Aluminum,  605. 
Boron,  507. 
Calcium,  586. 
Fluorine,  503. 
Fluor-spar,  505,  586. 
Fluosilicic  Acid,  508. 
Formulse,  Antithetic  or  Polar,  204. 

of  Compounds,  118. 
Freezing  Apparatus,  556. 

of  Water,  66. 

Mixture,  556. 


G. 


Galvanometer,  290. 
Garnet,  613. 

Gas-Batt€rv,  Grove's,  269. 
Gas  of  Oil,'386. 

Gtises,  Air  and,  are  imperfect  Conductors, 
31. 


Gases,  Dalton  on  Miseibihty  of,  85. 

Density  of,  79,  80. 

Determination  of  the  Specific  Heat 
of,  26. 

Diffusion  of,  84. 

DOatation  of,  12, 

Effusion  of,  78. 

Expansion  of,  12. 

Faraday's  Experiments  on,  71. 

Observations    on    the    Diffusion 
of,  86. 

Passage  of,  through  Membranes, 
89. 

Permanent,  68. 

Priestley  on  Diffusion  of,  85. 

Table  of  the  Specific  Gravity  of, 
and  Vapour,  149-155- 

Thelorier's  Machine  for  the  Lique- 
faction of  Carbonic  Acid,  69. 

Transpiration  of,  82. 
Gerhardt,  Formulse  of  Salts,  201. 
Glass,  568. 

Analysis  of,  569. 

Composition  of  Varieties  of,  569. 

Devitrification  of,  572. 

Bohemian,  570. 

Window,  569. 

Crown,  570. 

Crystal,  571. 

Flmt,  571. 

Green  or  Bottle,  572. 
Glauber's  Salt,  555. 
Glucina,  Beryllia,  616. 
Glucinum,  615. 
Gold  Class,  173. 
Graphite,  358. 

Gimpowder,  Composition  of,  536. 
Deflagration  of,  536. 
Gumey's  Bude  Light,  384. 
Gypsum,  589. 


H. 


Hail,  330. 

Heat,  Absorption  or   Reflection   of  Ra- 
diated, 34. 

Bache's  Experiments  on  the  Radia- 
tion of,  33. 

Capacity  for,  25. 

of  different  Bodies  for,  24. 

Central,  40. 

Certain  Vibrations  of,  29. 

Conduction  of,  28. 

Dilatation  of  Solids  by,  3. 

Distribution  of  the  Rays  of,  106. 

Dupretz     and    Dulong's    Experi- 
ments on  Latent,  58. 

Effect  of,  on  Glass,  5. 

Effects  of,  1. 
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Heat,  Expansion  and  the  Thermometer,  2. 
Experiments   of  Melloni    on    the 
Transmission   of, 
35. 
on  Latent,  57,  58. 
Fluidity  as  an  effect  of,  41. 
Latent,  44. 

LesHe  on  Kadiation  of,  32. 
Nature  of,  99,  101. 
Radiation  of,  31. 
Regnault's  Table  of  the  Capacity  of 

Bodies  for,  25. 
Rumford,  Experiments  on  the  Ra- 
diation of,  33. 
Specific,  24. 

Table  of  the  Conduction    of,    by 
Building  Materials,  29. 
Transmission  of,  35. 

Radiant,  through 
Media,  and  tlie 
Effects      of 
Screens,  34. 
Transparency  of  Bodies  to,  36. 
Vibrations  of,  29. 
Hedyphar,  590. 
Henry,  on  Coal  GTas,  380. 
Hepar  sulphuris,  528. 
Humboldite,  372. 
Hydracids,  468. 
Hydrate  of  Alumina,  602. 

the  Binoxide  of  Calcium,  584. 
Hydrated  Bisulphate  of  Potash,  534. 

Sesquisidphate  of  Potash,  534. 
Hydrates  of  Silicic  Acid,  394. 

Sulphuric  Acid,  409. 
Hydraulic  Mortar,  584. 
Hydride  of  Phosphorus  (Liquid),  453. 
Hydrides  of  Carbon,  374. 
Hydriodic  Acid,  497. 
Hydroboracite,  600. 
Hydrobromic  Acid,  489. 
Hydrochloric   Acid    and    Binoxide     of 
Manganese,  Process 
for  preparing  Chlo- 
rine from,  454. 
Preparation  of,  464. 
Process  for,  465. 
Properties  of,  466. 
Table  of  the  Specific 
Gravity  of,  467. 
Hydrocyanic  Acid,  531. 
Hydrofluoric  Acid,  Preparation  of,  504. 

Properties  of,  505. 
HydrofluosiHcic  Acid,  509. 
Hydrogen    and    Nitrogen,  —  Ammonia^ 
35^. 
Phosphorus,  451. 
Sulphur,  419. 
Bicarburetted,  384. 
Binoxide  of, Preparation, 320. 


Hydrogen,  Properties  of,  321. 
Bisulphide  of,  423. 
Cavendish's  Experiments  on, 

311. 
Hemming' 8    Apparatus    for, 

311. 
Peroxide  of.  Preparation  of, 

344. 
Preparation  of,  305. 
Properties  of,  307. 
Protocarburetted,  375. 
Protoxide  of.  Water,  311. 
Hydrosulphuric  Acid,  419. 

Preparation,  420. 
Properties,  421. 
Hygrometer,  92. 

Condenser  (Regnault's),96. 
Daniell's,  95. 
Differential,  93. 
Wet-Bulb,  93. 
Hyperchloric  Acid,  475. 
Hypoclilorite  of  Lime,  591. 
Hypochloric  Acid,  478. 
Hypochlorites,  472. 
Hypochlorous  Acid,  469. 

Formation  of,  470. 
Hypophosphorous  Acid,  434. 

Analysis  of,  437. 
Hyposulphate  of  Magnesia,  599. 
Hyposulphite  of  Strontia,  580. 
Hyposulphiu-ic  Acid,  Preparation  of,  413. 

Properties  of,  414. 
Hyposulphurous  Acid,  Preparation,  415. 
Properties,  Uses, 
416. 


Insolubility,  Influence  of,  227. 
lodate  of  Potash,  539. 
lodates,  500. 
Iodic  Acid,  498. 
Iodide  of  Nitrogen,  501. 

Phosphorus,  502. 
Potassium,  529. 
Sulphur,  502. 
Iodides,  496. 
Iodine,  Bromides  of,  503. 

Chlorides  of,  502. 

Compounds  of,  497. 

Preparation  of,  491. 

Properties  of,  494. 

Uses  of,  495. 
Ions,  Transference  of  the,  265. 
Isomerism,  181. 
Isomorphism,  159-167. 
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Kelp,  562. 


K. 


L. 


Latent  Heat,  44. 
Leslie  Eadiation  of  Heat,  32. 
Leucite,  or  Amphigen,  612. 
Liebig's  Condensing  Tube,  63. 
Light,  Brewster  (Sir  D.)  on  Light,  105, 
326. 

Common,  103. 

Decomposition  of,  104. 

Double  Refraction  of,  103. 

Forbes  on,  326. 

Griu'ney's  Bude,  384. 

Mechanical  Properties  of,  102. 

Refracted,  102. 

Polarized,  103. 

(Faraday),  281. 
Lime,  581. 

and  Alumina,  Silicates  of,  613. 

Carbonate  of,  587. 

Hydrate  of,  582. 

Hypochlorite  of,  591. 

Hyposulphite  of,  Nitrate  of,  590. 

Salts  of,  587. 

Sulphate  of,  589. 
Liquids,  Contraction  of,  from  the  Boiling 
Point  (Pierre  and  Muncke),  7. 
Expansion  of,  5,  7. 
Yaporifktion  of,  52. 
Lithia,  573. 

Carbonate  of,  574. 

Hydrate  of,  574. 

Sulphate  of,  574. 
Lithium,  573. 

Chloride  of,  574. 


M. 


Madder-stove,  98. 
Magnesia,  594. 

Alba,  596. 

Bicarbonate  of   Potash    and, 
597. 

Borate  of,  599. 

Carbonate  of,  596. 

Hyposulphate  of,  599. 

Nitrate  of,  599. 

Phosphate  of,  and  Ammonia, 
599. 

Sihcates  of,  600. 

Sulphate  of,  597. 


Magnesian  Class,  168. 
Magnesium,  594. 

Chloride  of,  595. 
Magnetical  Polarity,  235. 
Malleabihty,  511. 

Mariotte,  Deviation  from  the  Law  of,  on 
Gases,  76. 
Law  of  Compression  of  Ga«©8, 
75. 
Mellon  (Liebig),  388. 
Mercury,  Oxichloride  of,  117. 
MetalUc  Bases  of  the  Eartli,  601. 

Elements,  510. 
Metals,  Arrangement    o^    Metallic   Ele- 
ments, 517. 
Combinations  of,  514. 
Diamagnetic,  282. 
Found  in  Native  Platinum,  519. 
General  Observations  on,  510. 
Isomorphous  with  Phosphorus, 

518. 
of  the  Alkalies,  517. 

Alkahne  Earths,  518. 
Earths  Proper,  518. 
OxidabiUty  of,  513. 
Physical  Properties  of,  511. 
Proper,  having  Isomorphous  Re- 
lations   with    the    Magnesian 
Family,  518. 
Proper,  of  which  the  Oxides  are 
reduced  by  Heat  to  the  Me- 
taUic  state,  519. 
Proper,  of  which  the  Protoxides 
are    Isomorphous   with   Mag- 
nesia, 518. 
Protoxides  of,  514. 
Table  of  the,  510. 

FusibiUty  of  Diffe- 
rent, 512. 
Metameric  Bodies,  183. 
Metaphosphates,  442. 
Metaphosphoric  Acid,  448. 

Modifications    of, 
448. 
Microscosmic  Salt,  563. 
Mitchell's  Experiments  on  Diffusion  of 

Gases,  90. 
Monobasic  Salts,  193. 
Monosul-hyposulphuric  Acid,  417. 


N. 

Nitrate  of  Alumina,  610. 
Baryta,  578. 
Lime,  590. 
Magnesia,  599. 
Potash,  535. 
Soda,  562. 
Strontia,  580. 
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Nitrates,  Table  o^  535. 
Nitre,  535. 

Nitric  Acid,  Action  o^  upon  Copper,  341. 
Battery  (Grore's),  285. 
Prej>aration  of,  346. 
Process  for,  347. 
Properties  of;  Ml,  348. 
Uses,  352. 
Nitrogen,  124. 

and  Hydrogen,  Ammonia,  its 
Preparation,  353. 
Phosphorus,  454. 
Sulphur,  424. 
Binoxide  of,  340. 

Preparation  o£,  340. 
Properties  of^  341. 
Chloride  o^  480. 
Iodide  of,  501. 

Peroxide  of;  Preparation  of,344. 
Preparation  of;  322,  337. 
Properties  of,  323. 
Protoxide  o^   Preparation  of, 
337. 

Properties  of;  339. 
Sulphide  of,  424. 
Nitrosulphuric  Acid,  Preparati<Hi  of;  411. 

Properties  of;  412. 
Nitrous  Add,  343. 

Preparation  of,  343. 
Non-Metallic  Elements,  291. 
Normal  Acid  Fluid,  550. 
Notation  and   Chemical   Nomenclature, 
108-112. 


Oil  Gas,  386. 

of  Vitriol,  405. 

Specific    Grarity    of    the 
Vapour  of;  157. 
Oxalic  Acid,  372. 

Composition  of;  373. 
Oxide  of  Phosphorus,  433. 

Potassium,  Salts  of,  532. 
Oxides,   Atomic   Volume    and    Specific 

Gravity  of;  215-216. 
Oxichloric  Acid,  475. 
Oxygen,  123. 

Acids,  18a 

Compounds  of  Chlorine  and,  4^. 
Preparation  of,  291. 
Properties  of;  296. 
Oxygenated  Wat^-,  185. 
Orone,  304. 


Pearl-ash,  533. 

Penta-chloride  of  Phosphorus,  487. 

Penta-iodic  Acid,  501. 


Pentathionic  Acid,  418. 
Perchlorate  of  Potash,  539. 
Perchloric  Acid,  475. 

Preparation  of,  476. 
i  Perehloride  of  Carbon,  483. 
i  Periodates,  501. 
Periodic  Acid,  501. 
Peroxide  of  Chlorine,  478. 
Nitrogen,  344. 
Potassium,  527. 
Phosphate  of  Alumina,  610. 
Magnesia,  599. 

and     AjuBMHiia, 
599. 
Phosphates,  443. 

Analysis  of  the,  449. 
Biba^ic,  444. 
Tribasic,  444. 
Phosphites,  437. 
Phosphoric  Acid,  Analysis  o^  4491 

eonsidezed     Tribttsic, 

208. 
Deuto-hydrate  of.  Acid 
or  Bibasie  Phosphate 
of  Water,  441. 
Preparation  of,  43a 
Protohydrate  of;  442. 
Terhyctate,  or  Tribsaie 
Pho^bate  (^  Water, 
440. 
Phoephoroos  Acid,  Analj^  o^  437. 

Pi%p«rBti0a  of,  436. 
Properties  of;  437. 
Phosj^kOTtts,  429. 

and  Hjfdrogeii,  451. 
Nitrogirai,  454.' 
Sulphur,  454. 
Bromide  of,  491. 
Chloride  of;  487. 
Chloro-sulphide  of;  487. 
Chloroxide  oi,  487- 
Class,  172. 
Iodides  of,  502. 
liquid  Hydride  of,  453. 
Pentachlo'ride  of;  487. 
Prepar^tjpn  of,  430. 
Properties  of;  431. 
Oxide  o^  433. 
Sohd  Hydride  of,  451. 
Sulphides  of,  4^. 
Terchloride  of;  487. 
Phosphuretted  Hydrc^n-Gas,  451. 
Hatinum  Ckas,  173. 

iTrflMnroation  crfMiied  OzjgBB. 
and  Hydrogen  by,  269. 
Polar  Chains,  275.' 
'Farmaix,  2iOL 
liquids.  Separation  dy  263. 
Polarity,  ActuMi  of  an  Add  on  Metals 
OontMt,  239. 
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Salts,  Monobasic,  193. 
of  Alumina,  605, 
Ammonia,  202. 
Oxide  of  Sodium,  5^i4. 
Soda,  546. 

the  Type   of  Red  Clu'omate    of 
Potash,  196. 
Solubility  of,  in  100  parts  of  water, 

220. 
Solution  of,  219. 
Table  of,  141. 
Tribasic,  194. 

usually  denominated  Subsalts,  194. 
Scales  of  Chemical  Equivalents,  131. 
Schweitzer,  Analysis  of  Sea-water,  319. 
Sea-Salt,  542. 

Sea-water,  Analysis  of,  319. 
Secondary  Decomposition,  262. 
Selenic  Acid,  429. 
Selenious  Acid,  428. 
Selenium,  Properties  of,  427. 
Sesquicarbonate  of  Soda,  553. 
Sesquicliloride  of  Carbon,  481. 
Sihca  or  Sihcic  Acid — 

Dissolved  by  Acids,  393. 
Hydrates  of,  394. 
Preparation  of,  393. 
Properties  of,  393. 
Silicate  of  Soda  and  Lime,  569. 
Silicates,  395. 

of  Alumina,  572,  610. 

Lime  and  of  Alumina,  613. 
Magnesia,  600. 
Potash  and  Lead,  571. 
•  Soda,  567. 
Silicic  Acid  dissolved  by  Acids,  393. 
Silicon,  or  SHicium,  Chloride  of,  484. 
Bromide  of,  491. 
Preparation  of,  391. 
Properties  of,  392. 
Six's  Thermometer,  22. 
Soda,  526,  540. 
Ash,  546. 
Alum,  609. 

Biborate  of  (Borax)  565. 
Bicarbonate  of,  552. 
Biphosphate  of,  563. 
Bipyrophospliate  of,  564. 
Bisulphate  of,  562. 
Carbonate  of,  544. 
Chlorate  of,  562. 
Double  Carbonate  of,  554. 
Furnace,  558. 
Hyposulphite  of,  550. 
Metaphosphate  of,  444,  564. 
Nitrate  of,  562. 
Phosphates  of,  562-563. 
Preparation  of  Carbonate  of,  from 

the  Sulphate,  557. 
Preparation  of  Sulphate  of,  558. 


Soda,  Process,  I'eaetion  ia  the,  559. 
Pyrophosphate  of,  444,  564. 
Salt,  546. 

Sesquicarbonate  of,  553. 
Silicates  of,  567. 
Solution  of  Caustic,  541. 
Subphosphate  of,  563. 
Sulphate  of,  555. 
Sulphite  of,  554. 
Sodium,  540. 

Chloride  of,  542. 
Compounds  of,  540. 
Salts  of  Oxide  of,  544. 
Sulphides,  541. 
Solid  Bodies,  Atomic  Volume  of,  203. 
Solids,  Expansion  of,  2. 
Soluble  aiass,  568. 
Souring,  463. 
Specific  Heat,  24. 

of  Gases,  27. 
Atoms,  135. 
Carbon,  139. 
Grravity  of  Grases  and  Table  of, 
149-155. 
Steam  as  a  Moving  Power,  59-62. 
Stoneware,  614. 
Strontia,  579. 

Sulphate,     Hyposulphite,    and 
iS'itrate  of.  Carbonate  of,  580. 
Strontimn,  579. 

Binoxide  and  Cliloride  of,  580. 
Subchloride  of  Carbon,  483. 
Subsalts,  194. 

Substances,  Table  of  Elementary,  108-112. 
Substitution,  Formation  of  Compounds 

by,  227. 
Sulphate  of  Alumina,  605. 
Magnesia,  597. 
Potash,  534. 
Strontia,  580. 
Sulphates,  409. 

Formulae  of  Neutral,  190. 
Atomic  Volume  of,  First  and 
Second  Class,  214. 
Sulphide  of  Aluminum,  604. 

Carbon,  solid,  427. 
Nitrogen,  424. 
Phosphorus,  454. 
Potassium,  527. 
Sulphite  of  Soda,  554. 
Sulphites,  their  uses,  401. 
Sulphocarbonic  Acid,  425. 
Sulphocyanide  of  Aluminum,  605. 
Potassiimi,  532. 
Sulphur  and  Carbon,  425. 
Chlorine,  485. 
Hydrogen,  419. 
Nitrogen,  424. 
Phosphorus,  454. 
Bromide  of,  490. 
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Sulphur,  Class,  1G8. 

Iodide  of,  502. 
Properties  of,  396. 

Uses  of,  398. 
Protochloride  of,  486. 
Subcliloride  of,  485. 
Sulphuric  Acid,  Density  of,  408. 
Hydrates  of,  409. 
Manufacture  of,  404. 
Preparation  of,  402. 
Properties,  406. 
Uses,  410. 
Sulphurous  Acid,  its  Preparation,  399. 
Properties,  400. 
Series,  4-02. 
Waters,  319. 
Symbols,  118. 


T. 


Table  of  Gases  and  Air,  97. 
Oxygen,  80. 

Conducting  Heat,  by  Hutchin- 
son, 29. 
Elementary    Substances,    with 
their  Chemical   Equivalents, 
108. 
Fluidity,  42. 

Fusibility  of  Metals,  512. 
interesting  Circumstances  in  the 

Range  of  Temperature;  23. 
Metals,  510. 
Specific  Gravity  of  Gases  and 

Vapour,  149-155. 
Specific  Heat,  25. 

of  Atoms,  136, 
137,  138. 
Compounds, 

141-142. 
Gases,  27. 
Table  of  the  Radiating  Power  of  Heat,  33. 
Table  of  Atomic  Volume   and    Specific 
Gravity  of  Elements,  Salts,  and  Oxides, 
211,  213,  215. 
Temperature,  Capt.  Parry  andBack  on,  41. 
Equilibrium  of,  38. 
of  the  Atmosphere,  325. 
Table  of   interesting  Cir- 
cmnstances  in  the  Range 
of,  23. 
Terbia,  618. 
Terbium,  617. 

Terchloride  of  Phosphorus,  486. 
Test- Acid,  550. 
Tetrathionic  Acid,  418. 
Thenardite,  557. 
Thermometer,  Celsius,  18. 

Crich  ton's,  17. 
Description  of  the,  14. 


Thermometer,  Regnault's    and    Pierre's 
Remarks  on  the,  17. 

Reaumur,  18. 

Rutherford's,  21. 

Sanctorio's  and  Sir  John 
Leslie's,  14. 

Six's,  22. 
Thermo-multiplier,  35. 
Thorina,  618. 
Thorium,  615,  618. 
Tin  Class,  173. 
Tinkal,  565. 

Transpiration  of  Gases,  83. 
Tribasic  Phosphate  of  Water,  440. 

why    are    Arsenic    and    Phos- 
phoric Acids  ?  208. 
Trisul-hyposulphuric  Acid,  418. 
Tribasic  Salts,  194. 
Trithionic  Acid,  417. 
Tungstates  and  Chromates,  Table  of,  214. 
Timgsten  Class,  173. 


Ultramarine,  573. 


U. 


V. 


Vaporization,  47,  67. 

Brix's  Experiments  on,  56- 

57. 
Despretz's      Experiments 

on,  57. 
Distillation  a  Natural  Se- 
quel to,  62. 
of  Liquids,  52. 
Table  of  Elastic  Force  of 
Steam,  55. 
Vapour,  328. 

of  Water,  314. 
Vapours,  DiflPusion  of,  into  Air,  90. 

Table  of  the  Specific  Gravity  of 
Gases  and,  149-155. 
Voltaic  Circle,  Apphcation  of  the,  to  Che- 
mical Synthesis,  264. 
(Compound),  250. 
Liquid  Elements   of   the, 

258. 
(Simple),  242. 
Sohd  Elements  of  the,  255. 
without  a  Positive  Metal, 

267. 
with  the  Connecting  Wire 

unbroken,  245. 
with,  the  Connecting  Wire 

broken,  249. 
Theoretical  Considerations 
on,  272. 
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Voltaic  Battery,  253. 

Endosmose,  266. 

Instruments,  283-290. 

Protection  of  Metals,  256. 

Secondary  Decompositions,  262. 

Transference  of  Ions,  265. 
Voltameter,  290. 


W. 

Water,  Boutigny's  Experiments  on  the 

Ebullition  of,  49. 
Bibasic,  441. 
Capacity  of,  for  Heat,  26. 
Chalybeate,  319, 
Circulation  of,  11. 
Constitutional,  195. 
Contraction  of,  9. 
Dilatation  of,  11. 
Ebiillition  of,  48. 
Evaporation  of  (Dalton),  91. 
Filter,  317. 
Leslie's  Process  for  Freezing  of, 

6G. 
Oxygenated,  185. 
Properties  of,  313. 
Saline,  319 


Water,  Schweitzer's    Analysis    of    Sea- 
water,  319. 
Sea,  319.. 
Sulphurous,  319. 
Table  of  BoiHng  Point  of,  52. 
Tribasic  Phosphate  of,  440. 
Uses  of,  316. 
Vapour  of,  314. 

in  vacuo  (Regnault), 
65. 
Wedgwood's  Pyrometer,  20. 
Winds,  326. 


YeUow  Prussiate  of  Potash,  529. 
Yttria,  617. 
Yttrium,  615,  617. 


Z. 


Zinc,  128,  256. 

Plate,  Amalgamation  of  the,  246. 

Impurity  of  the,  248. 
Zincoid,  254. 
Zirconia,  619. 
Zirconium,  615,  619. 
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